
Geophysical Research Abstracts, Vol. 9, 07726, 2007
SRef-ID: 1607-7962/gra/EGU2007-A-07726
© European Geosciences Union 2007

Absolute dating of ice cores based on the impact of
local insolation on pore space geometry
M.A. Hutterli (1), J. Freitag (2), K. Kawamura (3), S. Kipfstuhl (2), R. Röthlisberger
(1), M. Schneebeli (4)
(1) British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0ET, U.K.,
(mahut@bas.ac.uk), (2) Alfred-Wegener-Institute for Polar and Marine Research,
Columbusstrasse, D-27568 Bremerhaven, Germany, (3) Center for Atmospheric and Oceanic
Studies, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan, (4) WSL
Swiss Federal Institute for Snow and Avalanche Research, Flüelastrasse 11, CH-7260 Davos
Dorf, Switzerland

Ice core records of the total air content (TAC) and molecular fractionation (FRAC,
e.g. O2/N2) in the air bubbles from low accumulation sites such as Vostok, Dome C
and Dome Fuji, Antarctica, co-vary with local summer insolation. The latter is driven
by the orbital∼20ka precession and∼40ka obliquity cycles. This link between TAC,
FRAC and insolation has recently been used to orbitally tune ice core time scales.
However, an absolute dating as such requires a physical explanation of this link, and
thus the knowledge of potential inherent time lags. We propose that the anisotropy of
the pore space geometry in firn could explain both, the observed TAC and FRAC link
with insolation. This anisotropy results from the temperature gradient metamorphism
of snow in the top meters of the snow pack, which in turn is modulated by changes
in local insolation. As recent micro tomography results indicate, the anisotropy is
preserved down to the pore close off depth, where it affects TAC and FRAC. We
present sensitivity studies with a numerical model describing the temperature gradient
metamorphism, the resulting pore space anisotropy and its impact on TAC and FRAC
records including the inherent time lags. The goal of these studies is to quantify the
impact of uncertainties in model input parameters such as observed temperature and
accumulation rates (deduced from the stable isotope records) on the modelled TAC
and FRAC records under various climatic conditions. These uncertainties propagate
into the uncertainties in absolute time scales of ice cores based on TAC and FRAC
records and elucidate the potential and limitation of this method.


