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General Abstract Depth (m) R Densiy Technical Abstract
In polar regions pr.ecipitateq Snow does not mel.t. Layers gﬁgﬁgﬁgﬁgﬁg Polar firn forms a porous and permeable medium. We take 3D
accumulate anc.l build up Wlth ume. The snow 1s slowly 01 200 micro structural properties obtained by X-ray micro Computer-
transformed to ice. The firn is highly porous and permeable 2 0 Tomography to model the measured permeability. The empirical
and 1t 1s only n greater depths, between 60 to 110 meter, 1 e © e 7 relationshipyfairly well simulates low permeablZ layers and the
when the pore space gradually becomes discontinuous and %%%% | : o bl '
N P pas i e Ty %%% I stratigraphic induced variability of the measured profile, but fails
the remaining air 1s confined into single air bubbles. The 10-25 D D) 7 550 for high permeable layers. By applying a sequence of
gas exchange in the firn is an important factor that %@%@%@% morphological opening the connectivity function is obtained.
detemlnes the age of the e.ntrapped alr, Whl?h 1s 1Important 50-110 High permeable layers are characterized by large well connected
for ice core ?tUdleS- In this study X—ray micro Computer ron-diffusive zone pores. The occurrence of these specific layers can be linked to the
Tomography 1s used to analyze 3D images of the firn and % 830 —lu o time, the firn was exposed to near-surface temperature gradient
to derive an empirical relationship to permeability. We find / ‘ pore close-0 metamorphi ' '

. rphism, convection and coarsening.
an remarkable impact of near-surface processes on the // 917

connectivity of the pores.

Glossary Polar Firn Glossary Volume Image Analysis
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Firn /Firn Densification Chord Length v . : :
Firn is snow, which survived one summer B ssm The mean chord length L of a phase p is the ,:4..“:.;'3“'-‘-’;1 The geometric Euler numb§r ¥ 1s defined as the /
without melting. On glaciers and polar ice mean length of the intersections ¢ of a line L. *5%523':: number of Object§ O, minus the number of k-
sheets, snow transforms and densifies by In 3D 1image analysis the chord length 1is "‘:'?: e redundant connec.tmns C plus th.e.number of
settling, sintering and creep until the density of obtained for different directions Holes H (not valid for snow), divided by the
ice 1s obtained and the pore space disintegrates [ = Lo(p ) volume V.
into single, not connected air bubbles. Specific Surface P cl? Y
Pore close-off The specific surface is the ratio of an objects ~ Morphological Opening
Pore close-off is the process in polar firn, when surface to its volume. Fine grained snow h:as a { Moroholosical onening is a combination of 0-C+H
the connected pore space starts to isolate into large specific surface, coarse, large grained Sn(Z)I sn(y) P sital OpLHing . L= 4
. ) : , snow a small one /' erosion and dilation. The sequential use of
single air bubbles. The air gets enclosed in the - . L . . .
: : . S opening with increasing radius of a disc as the
ice and no further exchange 1s possible. : . ..
Snow Anisotropy sn(x) structuring element simulates a sieving
Snow Metamorphism We consider the fraction of surface normal ! sn (x & v) procedure for Vawmg. mesh width ffmd can be s
Snow metamorphism is the process of the vectors pointing into a specific directions with u.sed for the classification of the particle or pore ,
transformation from snow to ice. Temperature an apex angle of 30°. The ratio of the two sn () S1ZCS. ;(
gradient metamorphism 1s the by an applied horizontal directions and the vertical is defined al U
temperature gradient occurring gradient 1n as a measure of anisotropy of the firn texture. / C tiviey Functi —
water vapor pressure, resulting in mass transfer ! onnectivity runction - .
from warm to cold. Equitemperature The connectivity function 1s defined as the v
o e A . : - Tortuosity rogression of the Euler number as a function of
metamorphism 1s driven by the difference n The tortuosity t is the ratio of the path length of b i i i lvsis th
curvature creating differences in water vapor e connecteﬁ e aonce s and tII)w VOluil o pore copngctmfn size. In 3D 1r11)1age gna. ys(lis tbe
pressure and resulting in a mass transfer from . potE S ' connectivity - Tunction can be obtained by
side length 1. s morphological opening.

for example convex to concave surfaces.
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Firn samples are placed in front of a x-ray source and The analyzed cube 1s built of 400 cross sections with a distance of 40 um. All
rotated by 0.9°. At each step a shadow 1mage 1s created A cross section of a metamorphosed snow sample and a filtering, segmentation and analysis procedures are applied to a 3-dimensional
due to the difference in absorption of ice and air. binarised and filtered cutout with a resolution of 40 wm per pixel. reconstruction of the pore or ice phase.
Results - . o . .
Microstructure Modeling Permeability The Residence Time
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Summary References

In the uppermost meters the exposure of firn layers to
temperature gradients and metamorphism 1s the largest.
Coarsening takes place, accompanied by an increase in air
permeability.

An empirical relationship using micro structural properties
can fairly well model the measured permeability but fails
for high permeable firn layers. The connectivity function
of these layers implies large connected pores. The
occurrence of a well connected pore space can be linked
to increased exposure of the firn to temperature gradient
metamorphism and coarsening at near-surface depths.
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