Natural Sciences

Expedition to the
Volcanoes of
the Arctic Seafloor
The AMORE Expedition headed for the
so-called “Gakkel Ridge” where, on the floor of the Arctic Ocean,
there is hot work afoot – for this ocean ridge is
composed of active volcanoes
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Three research vessels meet in the Arctic
Ocean: The RSV “Polarstern” and “USCGC
Healy” have yet to ply their way to the Pole
through the icy water, the Swedish “Oden”
(foreground) has already completed its
mission.
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A helicopter flying at an altitude of 20
metres measures the thickness of the ice
cover beneath it using a helicopter
electromagnetic probe (“HEM-Bird”). Left:
Magnetic fields are also probed. Above:
A basalt sample from the ocean floor.
The “giant pillow” weighs several tonnes.

of the oceanic crust. These basalts
contained a variety of types, which
we had not expected to meet on the
Gakkel Ridge. In particular, the
high proportion of interspersed
crystals in the rock can only be explained by the presence of large
magma chambers, and stands in
clear contrast to the conventional
wisdom that the extremely slowly
spreading Gakkel Ridge simply
doesn’t produce enough magma to
keep such chambers in operation.
After the initial assessment of the
rock samples, thin sections were
prepared on board ship. Microscopic measurement of the optical properties of these sections enabled us to
make precise statements regarding
the composition and origin of a sam-

ple only a few hours after the rocks
were recovered. The composition of
the rocks measured on board coincided roughly with what had been
expected. However, as these studies point to the existence of a thin
crust along the entire Gakkel Ridge,
and thus stand in contrast to the violent volcanic activity observed,
more detailed studies must now be
undertaken to elucidate the ratio
between the rate of spreading and
the thickness of the ridge crust.
Examination of the “hot springs”
under the Arctic Ocean was also on
the expedition’s agenda – springs,
whose chemical composition is
rather more reminiscent of a witch’s
cauldron. Mid-oceanic ridges are
the scenes of broadly spread and
quantitatively very significant hydrothermal exchange processes between the rocks of the oceanic crust
and the water columns. Where
these springs discharge, at their socalled “vents”, highly specialised
communities of invertebrates are
often found which, to judge by their
external appearance, should not actually dwell in the ocean depths.
They include, for example, large 47
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Smaller-sized air guns towed
through the ice behind the ship generate
acoustic signals to obtain geophysical
reflections. Above: Gigantic ice flows
with blue pools of melt water. The
weathered surface is typical of the summer.
Right: A TV-controlled “grab” brings
samples up to the surface from the ocean
floor.

tube worms and mussels which
have adapted to a very specific form
of metabolism. Back in 1998, the
“Polarstern” had collected vent
fauna of this sort along the continental shelf of the Laptev Sea off
Siberia, from the immediate prolongation of the Gakkel Ridge. They
testify to the possible presence even
more of them further to the west,
and are the best proof of the broad
distribution of hydrothermal springs
further along the Gakkel Ridge.
Every exploration of the ocean
floor demands accurate charting.
Although such charts are a matter of
course for seas in temperate latitudes, knowledge of ocean floor
morphology of the Arctic Ocean up
to this point had been very broad
brush, having been passed on to a
very restricted circle of people by
the U.S. Navy, which had from time
to time made nuclear submarines
48 available. These submarines are

able to ravel submerged under the
ice and make a continuous depth
profile, and thus to compile a chart.
However, due to the relative inaccuracy of the navigation facilities in
the submarines, this proved to be
somewhat problematic, as much of
the planning for the AMORE Expedition was based on this chart. However, the “Polarstern” and the
“Healy”, working independently
and over long distances under
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favourable ice conditions, were able
to survey the northern and southern
flanks of the Gakkel Ridge respectively while satellite navigation facilities allowed them to make highly
accurate fixes of their positions. One
very valuable result of this expedition was the resulting detailed and
extremely precise cartographic
record made of the morphology of a
stretch of the Gakkel Ridge extending over a distance of almost 900

diameter. Interspersed between
these were narrow channels already
bearing a covering of new ice. Comparisons with 1991 revealed marked
changes in the observed thickness
of the ice. Whereas the typical thickness in 1991 was 2.5 metres, this
year it lay between 1.9 and 2.1 metres. These measurements were for
the most part made using an electromagnetic probe carried on a
sledge that was dragged over the
frequently rough terrain presented
by the ice. In this manner a total of
52 ice flows were surveyed over a
distance of 100 kilometres. However, new types of probe were also
employed which enabled the thickness of the ice to be measured from
a moving ship or a helicopter. In
particular, the new “HEM-Bird”, a
geophysical probe drawn along
under a helicopter on a 20-metre
cable, enabled the acquisition of
data of surprisingly high quality.
These measurements of the ice

km. One of the purposes of the expedition was to observe changes in
the thickness and distribution of the
ice and to compare the results with
previous measurements made by
“Polarstern” in the central Arctic
Ocean in 1991 and 1998. In summer
2001, no extensive areas of water
were encountered at the North Pole.
Over 90 per cent of the surface was
covered by large flows of multi-year
ice measuring several kilometres in

diverse types of surface. Observing
the feeding habits of minor invertebrates which had adapted to the extreme living conditions in brine
channels in the ice flows, and whose
body fluid did not freeze, proved
very exciting.

T

he northern Arctic Ocean is
permanently covered by pack
ice today, even though the exchange processes with the adjacent
seas and the seasonal melting
processes ensure that this sea ice
never lasts for more than a few years.
The task of the marine geologists
was to take sediment cores from the
region off the great Siberian shelf.
As terrestrial sediment sequences
are often subject to major errors in
dating we are hoping that these submarine cores will help to throw further light on chronological processes. Major ice shields on the adjacent
land areas can be identified in the
Arctic Ocean sediments through
coarse and fine rock residues carried
by the icebergs. The sediment cores
from the Gakkel Ridge at 70 degrees
East, which had never previously
been subject sampled, were indeed
found to contain a number of layers
of coarse sand and stones, typical
sediments from the melting phases
of great glaciers. From the variously
coloured layers in the sedimentary
cores we were able to estimate that
these were around 200,000 years
old. Laboratory studies are now expected to provide more precise dating and to reveal the extent of the
glaciation in Northern Siberia in its
individual phases, the role played by
the transport of moisture from
ephemeral stretches of open water
in the build-up of the ice, and the
points in time when the melt water of
the warm phases of melting glaciers
reached the ocean.

thickness also served as preparation
for the European Space Agency’s
(ESA) “Cryo-Sat” satellite mission,
due to map the Arctic and Antarctic
ice cover beginning in 2004. Measurement of the sea ice also included determination of the physical
and biological properties of the ice
and melt pools. In addition to this,
we drilled ice cores, evaluated satellite and aerial photographs, and determined the reflective capacity of
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