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INTRODUCTION

Ice-core records from the large ice sheets of the Polar regions have provided rich

information about climate and environmental changes during the past 400 000 years
(400 ka) as demonstrated by the results of deep ice-core drilling programs in central

Greenland (e.g. Dansgaard and others 1982; 1993) and Antarctica (Lorius and others
1985; Jouzel and others 1987). However, the old ice found at depth in the central

regions of the ice sheets can also be retrieved from the ice sheet margin (Lorius and
Merlivat 1977; Reeh and others 1987; 1991; 2002).

Since 1985, surface ice samples have been collected at 15 different ice-margin loca-
tions in Greenland (Reeh and others, 2002). A chronology for the ice margin records
was established by correlating characterigtitO-features (a proxy for the air tem-
perature at the time when the ice was originally deposited on the ice sheet) in the ice
margin records with similar features in dated Greenland deep ice core records. This
showed that, at many ice-margin locations, a several hundred metre wide band of ice
older than 11.5 ka, i.e. ice older than the present warm interglacial, exists adjacent to
the ice edge.

In spite of the fact that, for a long time, it has thus been known that ancient ice occurs
at the surface of the Greenland ice sheet margin, attempts at utilising this potential
for retrieving large samples of ice for paleo-environmental studies were first initiated

in 2001 (Petrenko and others, 2002). The main concerns have been (1) Likely distur-



bances of the layer sequence by folding and faults either at the ice margin proper or
during the long travel of the ice from its deposition site far inland to its present site
of occurrence at the ice margin, (2) Possible changes of trace constituents particularly
the gas composition in the air inclusions in the ice, and (3) Lack of reliable dating
methods for the ice at the margin.

However, recent studies on the ice-sheet margin at Pakitsoq, 50 km northeast of Ilulis-
sat/Jakobshavn, West Greenland have demonstrated that these shortcomings can, to
a large extent, be overcome. Concentration of gases retrieved from air-inclusions in
the ice samples (e.g. Methar®é$0, ands'®N), expected to be from the termination

of the Younger Dryas cold interval 11,600 years ago, showed the same characteris-
tic changes as found in Younger Dryas ice from Greenland deep ice cores (Petrenko
and others, 2002). This shows that important trace constituents are still intact in the
margin ice, and that it is possible to “date” the marginal ice with sufficient precision
to make it useful for paleo-environmental studies. Thus big samples of well-dated old
ice with intact content of trace constituents are potentially available at Greenland ice-
sheet margins. The perspective is that trace constituents with concentrations so small
that analysis has hitherto been hindered because of the limited amount of ice-core ice
can now be investigated.

MAPPING FOLD GEOMETRY

Analysis of trace constituents such as methat®) of ice and air, and'°N as well
as visual inspection also demonstrated the occurrence of a large-scale fold in Pakitsoq
ice representing the Allerad/Younger Dryas/Pre-Boreal climate oscillation.

The ice margin at Pakitsoq has been studied since 1985 (Reeh and others 1987; 1991;
2002; Thomsen and Reeh 1994), providing information on ice ablation, surface and
bottom topography, and ice-dynamics (Thomsen and others 1988; Reeh and others
1994). Ice older than 11.5 ka (Pre-Holocene ice) forms a ¢ 500 m wide band adjacent
to the ice edge. Visual inspection and shallow core drilling indicate a dip of the stratig-
raphy of c. 70°. Since 1992, the width of the Pre-Holocene ice band has diminished by
7 -8 ml/a. Inthe same period, the ice thickness has decreased by almost 1 m/a, because
ice ablation (3 m/a) presently exceeds the vertical ice velocity supplying new ice to the
surface (2 m/a). These observations clearly show that the Pakitsoq ice-margin sector
is presently far from a balanced state, stressing the need for developing a model for
the evolution of the ice margin in order to support the ice-mining activities.

MODEL FOR THE TIME EVOLUTION OF THE STRATIGRAPHY

Here, we report on the development of such a model based on mapping the large-scale
structures on the Pakitsoq ice margin by using GPS, ground penetrating radar (GPR),



and trace element geo-chemical analysis (maihfyD-analysis of ice samples). The
samples for§'80-analysis were collected in several profiles across the large scale
fold in the ice from the termination of the Younger Dryas period. The sampling was
repeated in subsequent field seasons (2002, 2003 and 2004) in order to document the
time evolution of the large-scale structures. Altogether more than 2000 samples were
collected. Photographs taken from helicopter provided an overview of the fold. Poles
were drilled into the ice in a network for measuring ablation rate (ice melt) and ice
velocity and deformation.

The results of the different mapping methods were combined with observations of ice
flow and deformation to set up a model for the three-dimensional structural evolution
of the ice margin.
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