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In situ-measurement of ice deforma1on from repeated borehole logging of the
EPICA Dronning Maud Land (EDML) ice core, East Antarc1ca.
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The shape of the borehole describes a gentle curve, ﬁrst poin1ng west
north west and then at a depth of 1500 m turning towards south. The
overall horizontal distance of 42 m from the top to the base of the
borehole is small in comparison to the depth scale.

Deforma1on regimes
From the two borehole shape records we could derive a ver1cal proﬁle of
the velocity gradient. This can be used to es1mate the local ver1cal shear
strain rate. It appears that there is a transi1on from rela1vely high shear
strain rate at the base, which reaches a minimum at 2372 m depth, where
the ver1cal velocity gradient is as low as zero, indica1ng a pure shear
environment.
Deforma1on regimes
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Evalua1on of ice thin sec1on in the
depth region around the shis in
the velocity gradient showed, that
the c-axes are distributed in a
girdle, a fabric typical for the upper
part of ice divides, and an indicator
for pure shear. Weikusat et al.
show that at EDML the girdle fabric
is changing into a single maximum
fabric at approx. 2000 m depth.
Around a depth of 2370 m the
girdle reappears for a narrow
depth interval of about ten meters.
At the same 1me the grain size is
increasing signiﬁcantly. Very large
grains with an area of about
1000 mm2 are found in all samples
measured from this depth region.
The grains are too large to es1mate
a mean grain size, as many of the
large grains are cut at the sample
edges. Above and below this area
grain size is much smaller.
As an indicator for the impurity
content the δ18O ra1o is plo[ed.
From this and also from line scan
images (not shown) we assume
that the impurity content within
the small grained samples shown
here is not very diﬀerent from the
girdle region. The decrease of δ18O
below indicates the end of MIS 5.5.
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The logging system developed by the University of Copenhagen
(Gundestrup et al., 1994) recorded the 1lt of the borehole with respect to
the ver1cal (inclina1on) as well as the heading of the borehole with respect
to magne1c north (azimuth) by means of two ﬂuxgate magnetometers.
This dataset provides the basis for a 3-D
reconstruc1on of the borehole shape by
integra1ng over all depth increments.
Inclina1on
The data were processed with Matlab,
with a script developed by C. Panton.
Addi1onal to the 3D borehole shape the
Magne1c ver1cal velocity gradient du/dz was
north
calculated. In the top part of the
Azimuth
borehole there are some undula1ons,
but in the lower part where simple shear
is the domina1ng deforma1on the shape
appears to be more even.
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The EPICA Dronning Maud Land ice core was drilled between 2001 and 2006
at the Kohnen Sta1on, Antarc1ca. During the drilling process the borehole
was logged repeatedly, measuring temperature and pressure as well as
azimuth and inclina1on (Wilhelms et al., 2015) Repeated logging of the
borehole shape delivers an es1ma1on of the in-situ deforma1on within the
ice sheet, in par1cular shear strain rates for the lower part, which are
essen1al for the eﬀec1veness of ice transport from the inner con1nent
towards the ocean.
As the ice ﬂow velocity at the
Weikusat et al., 2017
posi1on of the EDML core is
rela1vely slow (about 0.75 m a-1),
the changes of borehole shape
between the logs during the drilling
period were very small and thus
diﬃcult to interpret. Thus, the site
has been revisited in the Antarc1c
summer season 2016/2017 and
logged again using the same
measurement system. Here we
present the change of the borehole
shape between November 2005
and December 2016, and correlate
our ﬁndings with observed ice
microstructure
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The girdle fabric indicates a layer of ice hardly aﬀected by simple shear,
which is sandwiched between a layer with strong shear below, and with
moderate shear above.
The larger grains are most likely due to less deforma1on, as the isotope
curve show impuri1es content should be similar to ﬁner grained layers
above and directly below.
Thus, it appears this layer might be a shadow zone due to the localized
shear above and below.
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