
Talking with Professor Trond Torsvik can be a dizzying
experience. For example, the geologist can tell you that
the seemingly safe terra firma you are standing on is only
a couple of hundred kilometres thick and floats on top of
a mantle that is nearly 3000 kilometres deep and consists
of thick-flowing molten magma. The Earth's crust is both
frail and uneven, and consists of seven large and many
smaller plates that dance around on the Earth's surface
and collide here and there, causing volcanic eruptions,
earthquakes and other commotion. Supervolcanoes –
usually known as large igneous provinces – the size of
Norway appear and disappear again, and diamond-laden
rock emerges from the depths at speeds of at least 60
kilometres per hour.

What causes all these fierce movements? Trond Torsvik
and his colleagues at CAS will be spending the coming
year developing new theories about what is known as
mantle dynamics. Their main objective is to understand
how currents in the mantle can cause the dance of the
continents, supervolcanoes and the other geological
processes that have shaped our planet. So far, there is no
generally accepted theory to explain how the currents in
the mantle and plate tectonics (see supplementary article)
are related.

The core protects the Earth
It might be wise to start from the inside, to appreciate how
the Earth has become what it is. The Earth's inner core is
about 1200 km thick and is assumed to consist of about
15 per cent nickel and 85 per cent iron in solid form.
There is also an outer core, which is roughly 2200 km
thick and generally consists of molten iron. The outer core
rotates like a gigantic dynamo, generating a magnetic field
that protects the Earth from cosmic radiation.

"The solid inner core is growing slowly, since the planet
is cooling down. Sooner or later, this inner core will
expand so much that it will have 'eaten up' the entire
exterior core, causing the protective magnetic field to
dissipate", continues Torsvik.

"Fortunately, it will be a long time before the Earth's
magnetic field disappears", he adds reassuringly. It will

also be a long time before Oslo will be located in the
north-eastern part of today's Finland. Torsvik is concerned
not only with large-scale movements, but also with very
long chronological perspectives. The currents in the
Earth's mantle move fairly slowly, and Norway is presently
moving towards the northeast at a speed of just 2.3
centimetres per year. The movement began roughly 50
million years ago, when the Earth's crust had broken apart
and Scandinavia began to drift away from Greenland. The
continents dancing on the Earth's surface appear to move
in a cycle that spans about 500 million years.

Sometimes, things happen very quickly
Sometimes, however, things happen very quickly. It's been
known for a long time that the diamonds currently found
on the Earth's surface were for the most part formed about
three billion years ago. Diamonds are found in a type of
rock known as kimberlite, formed by magma from the
Earth's core pushing up to the surface and solidifying.

Diamonds can only be formed by pressures and
temperatures equivalent to the conditions 150 to 180
kilometres below the Earth's crust. In 2010, Torsvik and
colleagues published a scholarly article in the journal
Nature. Among other things, the article indicated that
diamonds must be pressed up to the surface at a speed of
at least 60 km/h. "If they move more slowly, the diamonds
will be transformed to graphite. We are talking about very
explosive processes here!" clarifies Torsvik.

The Kimberlite explosions are associated with two large,
warmer volumes found near the Earth's core-mantle
boundary. They tower about 3-400 kilometres in height,
and are located on either side of the Earth's core (in
diametric opposition). "It was previously assumed that
these warmer volumes were unstable, but already in 2004,
we ascertained that they have been stable for at least a
couple of hundred million years. Perhaps even for a couple
of billion years", says Torsvik.

Where are the diamonds?
The most astonishing discovery in 2010 was that the
diamond deposits and the huge volcanic provinces with
supervolcanoes on the Earth's surface are invariably linked
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Dance of the continents

About 55 million years ago, parts of northwest Europe were devastated by a
supervolcano that spewed lava over vast areas. In another 50 million years,
Scandinavia will have drifted so far to the northeast that Oslo will be located
on today's border between northern Finland and Russia. The continents
dance back and forth on the Earth's surface, and researchers follow.

Group leader:
Professor Trond
Helge Torsvik.
(Photo: Maria Sætre)
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to the outer edge of the stable volumes deep down in the
mantle. "We now believe that the continental plates move
across these areas, and the movements cause the plates to
dislodge gigantic pulses off the 'edges' of the mantle
plumes. The mantle plumes reach the Earth's surface as
supervolcanoes, and they have jeopardised life on Earth
several times. The mantle plumes also produce the
kimberlite that contains diamonds", continues Torsvik.

After the article in Nature, Norwegian and foreign
journalists stood in line to interview Torsvik. Could he
predict future diamond deposits?
"Over the past 50 million years, there have been very few
such pulses. Most of the diamonds we find today originate
from a pulse that took place 90 million years ago. The
pulse caused kimberlite to flow up to today's Brazil and
Northwest Africa, among other places. If I were going to
look for diamonds, I would start there", replies Torsvik.

Where is the oil?
Professor Torsvik's research is also relevant for another of
the planet Earth's most valuable raw materials, i.e.

petroleum. The Norwegian oil company Statoil has
supported his research for several years because they want
to know whether there has been volcanic activity in areas
in which the company is exploring for oil and gas.

"Volcanic action is usually 'bad news' for oil companies",
expounds Torsvik. "Organic matter is transformed to oil
and gas at temperatures of around 120-130 degrees
Celsius. However, if a supervolcano were to emerge
through an oil reservoir, the whole thing would be
overheated or quite simply burn up. In other words, there
is not much point in searching for petroleum in the
middle of an old supervolcano. On the other hand, a
supervolcano slightly further away may have contributed
to heating up organic matter that would not otherwise
have been transformed to petroleum", he clarifies.

This is a good example of how industrial cooperation can
engender basic research of great utility value. Usually it is
the other way round: Researchers conduct basic research
and hope that their results may prove useful at some point.

Seafloor spreading pushes the plates apart, but
also causes the plates to collide in subduction
zones on the opposite side. One plate is then
subducted, i.e. pressed below the other, forming
volcanoes. (Illustration: Physics of Geological
Processes).



Diamonds are forever in a human perspective,
but first they must survive a 180-kilometre
journey from the depths of the Earth's crust.
(Photo: Shutterstock)

Supervolcanoes come and go
The world's most famous supervolcano is currently
smouldering under Yellowstone National Park in the
USA, but it is actually the smallest known supervolcano.
"The definition of a supervolcano tells us that it must
cover an area of at least 0.15 million km2, equivalent to
almost half the Norwegian mainland. Yellowstone covers
an area of 0.16 million km2", smiles Torsvik. One might
almost suspect that the Americans had a finger in the
game when the definition was established.

One of the largest supervolcanoes is located under the
southern Deccan province in India and covers an area of
about 5 million km2. "Some think that it was an eruption
of the Deccan Volcano that caused dinosaurs to become
extinct 65 million years ago, rather than an asteroid, as
many believe. Otherwise, we are absolutely certain that a
supervolcano in today's Siberia obliterated large parts of life
on Earth about 250 million years ago", continues Torsvik.

"But supervolcanoes are nothing we normally need to
worry about", Torsvik says reassuringly. "The Earth is in
a quiet period as regards supervolcanoes, and there have
only been three eruptions over the past 60 million years.
It seems as though supervolcanoes are more common
when the continental plates are gathered into a super -
continent, and these days the continents are moving apart.
That being said, sooner or later, a new supervolcano will
erupt", predicts Torsvik.

The type of rock called 'kimberlite' is
named after the city Kimberley in South
Africa. The largest mine in the area,
'Big Hole', has a depth of 240 metres.
Three metric tonnes of diamonds were
found here from the start in 1866 until
the mine was closed in 1914. (Photo:
Shutterstock)



A deeper understanding

Trond Helge Torsvik is the leader of the research group
Mantle Dynamics: Linking Surface and Deep processes at the
Centre for Advanced Study during the period 2010-2011.
Torsvik is a professor at the research centre Physics of
Geological Processes (PGP) at the University of Oslo, a
senior researcher at the Geological Survey of Norway and
an active honorary professor at Witswatersrand University
in Johannesburg, South Africa. PGP is a Centre of
Excellence and receives support from the Research Council
of Norway.

The research group consists of a total of 17 experts on plate
tectonics, seismology, mineral physics and geodynamics
from Norway, Great Britain, Germany, the USA and

Australia. The researchers will be collocating existing
knowledge about the movements of continental plates and
the movements in the Earth's mantle.

The dance of the continental plates over the Earth's surface
is driven by movements in the mantle, but we do not
understand the dynamic relationships well enough. The
goal of the Group's work is to develop a better under -
standing that can enable us to extrapolate the movements
in the Earth's crust as far back as 550 million years ago,
using mathematical models. That will make it possible to
predict future movements in the Earth's crust in greater
detail.

The oil company Statoil wanted to know
whether there had been supervolcanoes in
the areas in which they were exploring for oil
and gas. If so, the volcano would probably
have burned everything up. (Illustration:
Norsk Hydro/Statoil)
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Four revolutions since 1915

Modern geoscience has undergone three theoretical
revolutions in less than a century.

The first revolutionary was the German meteorologist and
geophysicist Alfred L. Wegener, who studied the world
map and wondered at the fact that the east coast of South
America and the west coast of Africa fit together
conspicuously well. More detailed examinations showed
that rock formations in South America and Africa would
be contiguous if the two continents were adjacent, and
the plant and animal fossils formed there during the
Permian and Carboniferous eras are almost identical. In
1915, Wegener introduced his theory of continental drift:
Roughly 300 million years ago, all of today's continents
were joined into a supercontinent he called Pangaea ('all
earth'), surrounded by a contiguous ocean named
Panthalassa ('all sea').

Wegener was right on many counts, but his theory was
not perfect. For example, Wegener spoke only of
continents, without explaining how they could plough
through the seabed in transit to their current positions. In
the 1950s, it became clear that Europe and the USA are
slowly drifting apart while magma is rising up in middle
of the ocean, and in 1962, the American geologist Harry
Hess further developed the theory of seafloor spreading:
The Earth's surface consists of major and minor rigid
plates that move in relation to one another. New ocean
floor forms continuously along mid-oceanic spreading
ridges, and the continental plates are pressed down again
where they collide.

The theory of seafloor spreading was developed into a new
theory of plate tectonics in about 1967. The Earth's crust
is divided into seven large and a number of smaller plates
which make up continents and the ocean floor, and they
move in relation to one another. Seafloor spreading also
causes the continental plates to collide in other areas. This
can either form deep sea rifts like the Mariana Trench
(where the Pacific plate and the Philippines plate collide),

or high mountain chains like the Himalayas (where the
Indian plate is moving to the north and colliding

with the Eurasian plate).

There are also areas in which the tectonic
plates move sideways in relation to one

another. The most well-known example of
this is the San Andreas fault in California,
where the Pacific plate is moving
northwards towards the North American
plate.

The plate tectonic theory is now being
superseded by the theory of mantle
dynamics, which seeks to explain why
the continental plates dance around on
the Earth's surface. The motive force

must be currents in the underlying
mantle.

The continents dance back and forth on the Earth's crust.
About 300 million years ago, all the Earth's continents were

joined in the supercontinent Pangaea.

14




