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Swarm tracks elusive ocean magnetism

April 10 2018

As ocean water
is electrically conductive
due to its salt content, its
movement generates a very

small magnetic field with
a strength of less than
two nanotesla.

The gravitational
pull of the Moon causes
high and low tide in the oceans
every twelve hours and 25 minutes.
Within this time period, the water
flows away from and then back
towards the coast.
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The oceans’ magnetic
signal is also affected by the
electrical conductivity of the rock
layers below. That allows us fo use
it as a key to the structure
below the oceans.
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Similar to magnetic
resonance imaging MRI in
medicine, we lock into Earth'’s interior
with the help of an imaging method.
It involves using mathematical models
which we calculate on a
supercomputer.

At a depth of 72 kilometres we can see the boundary
between the cold, rigid lithosphere and the warmer,
viscous asthenesphere. The latter plays an important
role in plate tectonics because it forms the basis
on which the tectonic plates glide. Thus, using
electromagnetic data we have succeeded in
identifying the geological structure
beneath the oceans.
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Hunting for that elusive magnetic signal. Credit: European Space Agency

The magnetic field is arguably one of the most mysterious features of
our planet. ESA's Swarm mission is continually yielding more insight
into how our protective shield is generated, how it behaves and how it is
changing. Adding yet another string to its bow, Swarm is now tracking
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changes in the magnetic field produced in the oceans in more detail that
ever before.

New results from the trio of Swarm satellites are wowing this year's
European Geosciences Union meeting in Vienna, Austria. This week-
long event draws scientists from all over the world to share discoveries
about our planet.

Today, the spotlight is firmly on Swarm, and a particular highlight is
how the mission is tracking one of Earth's more elusive sources of
magnetism.

While the magnetic field is created largely by an ocean of superheated,
swirling liquid iron in the planet's outer core, other factors, like
magnetised rocks in the crust and the flow of the ocean, also affect the
field.

We wouldn't normally think of seawater as being a source of magnetism,
but it does make a tiny contribution.

When salty ocean water flows through Earth's magnetic field, an electric
current is generated, and this, in turn, induces a magnetic signal.

However, the field generated by tides is tiny and extremely difficult to
measure — but Swarm has done just this in remarkable detail.

The animation above shows how the tidal magnetic signal changes over
24 hours.

Nils Olsen, from the Technical University of Denmark, said, "We have
used Swarm to measure the magnetic signals of tides from the ocean
surface to the seabed, which gives us a truly global picture of how the
ocean flows at all depths — and this is new.
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"Since oceans absorb heat from the air, tracking how this heat is being
distributed and stored, particularly at depth, is important for
understanding our changing climate.

"In addition, because this tidal magnetic signal also induces a weak
magnetic response deep under the seabed, these results will be used to
learn more about the electrical properties of Earth's lithosphere and
upper mantle."

As well as shedding this new light on magnetic tides, Swarm has also
yielded a new map of the magnetic field generated by Earth's crust.
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