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Exploration of subglacial lake environments of Vatnajokull, Iceland
Proposed research activity in Iceland in connection with IPY 2007-2008
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A total of about 70 subglacial lakes are now known to exist beneath the Antarctic ice sheet. The
largest of those, Lake Vostok, has received considerable attention in recent years and plans to
sample the lake, which is widely believed to harbour unique species of microbial life, are being
developed. Such an operation, which requires thermal drilling through nearly 4 km of ice and the
use of stringent decontamination procedures, will be technically very challenging. By drilling into
and sampling smaller subglacial lakes under thinner ice cover in Antarctica and elsewhere,
valuable experience can be gained in advance of the Lake Vostok sampling. Moreover, such
projects are relevant as forerunners of cryobot missions to Europa and other icy moons of the Solar
System, which might be realized within the 21* century.

Subglacial lakes formed by continuous melting of ice above geothermal areas are known to exist
beneath the Vatnajokull ice cap in Iceland. The best known of these are Grimsvétn, a ~25 km®
lake situated beneath a 100-300 m thick ice shelf within a subglacial volcanic caldera, and the
two Skafta cauldrons (Skaftarkatlar), located 10-15 km NW of Grimsvétn. The mechanisms of
jokulhlaups, which regularly occur from Grimsvotn, have been investigated by several
researchers. Jokulhlaups from Grimsvotn vary widely in size and periodicity, due to changes in
geothermal activity and sudden volcanic events, whereas jokulhlaups from the Skaftar cauldrons
occur more regularly every 1-2 years. Water level in Grimsvotn and the mass balance of the
drainage area has been closely monitored in the past decades. Ice flow velocities in the Grimsvotn
basin and changes in ice-shelf thickness have been studied as well.

The ice shelf covering the Grimsvotn lake has been penetrated with a hot water drill a few times
and in 2002, US and Icelandic scientists and technicians carried out the first biological sampling
project. Samples obtained from beneath the ice shelf revealed the presence of active microbial
communities in the subglacial lake water and in sediments of volcanic origin at lake bottom. A
follow-up study of the Grimsvotn and Skaftarkatlar subglacial lakes, to be carried out in the years
2005-2008 is now in the planning stages.

As a contribution to IPY related research, we propose to carry out surface-based studies within
the Grimsvotn and Skaftarkatlar drainage basins that aim to clarify the transport of
atmospherically deposited material through the ice into the subglacial lakes. This work will be
coordinated with pre-site surveying for ice coring on nearby Bardarbunga and other studies
described in another Icelandic IPY research idea (Temperate ice caps in changing climates).

The following work will be carried out:

1. Studies of the concentration of dust, soluble impurities and volcanic debris in snow and firn cores
drilled in the Grimsvotn and Skaftarkatlar drainage basins, clarifying the average composition of
these trace substances in snowfall on Western Vatnajokull at present. Special emphasis will be on
studies aiming to clarify whether microorganisms are transported with
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dust particles onto the ice cap and thus inoculated into the subglacial lakes following transport
through the ice.

2. Measurements of ice velocities and mass-balance in the drainage basins. Calculation of particle
paths and travel times between points of surface deposition and localities where ice melts into the
subglacial water bodies. Such calculations will increase our present understanding of the flux of
atmospheric constituents into the lakes.

3. Modelling studies of heat flux and ice melting rates within the Grimsvotn and Skaftarkatlar basins
and of convection and mixing in the subglacial lakes.

A new hot-water drilling system capable of drilling through 600 m of ice is currently being
constructed in Iceland and is scheduled to be tested in the field in the fall of 2004. The design of this
new system is intended to minimize the risk of biological contamination, by in-line filtration and
UV-sterilization of the drilling water. The drilling experience gained by the use of this system in
Iceland will be made available to the international scientific community.



