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The present pandemic, like its predecessors, the plague and the black death, is
likely to diminish in the not too distance future due to a humber of factors, not
least being the precautions so many of us have taken. These precautions have
placed practical geology on the back burner; but if it has kept us safe then it has
been worthwhile, even if it has been tedious. I hope that the wildly varied and
slightly obscure offerings of GM have helped you stay sane. I can't make any
promises about sanity, but it will remain eclectic and unpredictable. So here goes.

So how far is it from Lulworth to Sichelkamm ?

What? Might be your first reaction. Where is Sichelkamm? Might be next. And finally -
what has this got to do with geology? Well here is a picture of the place.

Does that help? Well slightly perhaps. The well travelled amongst you may even
recognise that this is a village in Switzerland, and its distance from Lulworth is about
1200 Km.



OK, I think that it's about time I came clean. Whatever the charms of the village,
it is a local mountain that is the real geological interest.

You don't need to be genius to see the similarities. But is there a connection?
Well yes. Plate tectonics. And the plate in question is the African plate, the
northern edge of which is about 2400 Km to the south and pushing slowly
northwards. Physicists sometimes, talk about action at a distance, well here it is
in geology too, and it gives you some idea of the magnitude and relentlessness



of what is going on beneath us.
But plate tectonics is also responsible for volcanoes

Imagine that we have a cross section of the earth across the island of Sicily and
are looking towards the west. The African plate is moving northwards towards
the European plate at around 2.15 cm per year. It has been moving over the
past 100 million years or so in a general north-easterly direction.

" Molten rock wells up
“. | toeruptfrom

The volcano that has resulted is Mount Etna, which is an active stratovolcano (a
volcano built up of alternate layers of lava and ash) on the east coast of Sicily,
between the cities of Messina and Catania. It is one of the most active volcanoes
in the world. And here it is having a bad hair day:

This picture, courtesy of The Guardian, shows the erupted ash cloud spreading
out after reaching a temperature inversion layer in the atmosphere. Theoretically,
the maximum achievable column height is thought to be about 55 km. In practice,



column heights ranging from about 2-45 km are seen. Eruption columns with
heights of over 20-40 km break through the tropopause and inject particulates
into the stratosphere. This may affect global climate. To do this an eruption must
inject large quantities of sulphur dioxide or other sulphur species e.g., hydrogen
sulphide, into the stratosphere, where they are converted to sulphuric acid (or
sulphate) aerosols over weeks to months. The sulphate aerosols linger in the
stratosphere for a few years, reflecting some incoming solar radiation and thus
reducing global average surface temperatures by as much as 0.5°C for 1-3 years,
after which temperatures recover to pre-eruption levels.

A scanning electron microscope image of atmospheric volcanic ash. The scale
bar in the right hand corner is 50 micrometres or 50 millionth's of a metre.

But there was a time before plate tectonics

Earth hasn’t always been a blue and green oasis of life in an otherwise
inhospitable solar system. During our planet’s first 50 million years,
around 4.5 billion years ago, its surface was a hellish ocean of magma,
bubbling and belching with heat from Earth’s interior.

The subsequent cooling of the planet from this molten state, and the
crystallization of these magma oceans into solid rock, was a defining stage in
the assembly of our planet’s structure, the chemistry of its surface, and the
formation of its early atmosphere.

These primeval rocks, containing clues that might explain Earth’s habitability,
were assumed to have been lost to the ravages of plate tectonics. But now, the
chemical remnants of Earth’s magma oceans in 3.7 billion year-old rocks from
southern Greenland, have revealed a tantalizing snapshot of a time when the
Earth was almost entirely molten.

Finding geological evidence for the Earth’s former molten state is extremely
difficult. This is because magma ocean events are likely to have taken place over
4 billion years ago, and many of the rocks from that period of Earth’s history
have since been recycled by plate tectonics. But while rocks from this period no
longer exist, their chemical traces may still be stored in Earth’s depths. Solidified
crystals from Earth’s cooling period would have been so dense that they’'d have
sunk to the base of Earth’s mantle.


https://eos.org/editor-highlights/the-overlooked-role-of-sulfur-dioxide-emissions-from-volcanoes

Greenland should be a good place to search for these traces of Earth’s molten
past. The samples originate from the Isua supra crustal belt in southwestern
Greenland. At first glance, Isua’s rocks look just like any modern basalt you'd
find on the seafloor. But these rocks are some of the oldest in the world, at
between 3.7 and 3.8 billion years old. On analysing Isua’s rocks, they were
discovered to have unique iron isotope signatures. These signatures showed
that the region of the mantle from which the rocks had formed had been
subjected to very high pressure, over 700 kilometres below Earth’s surface.
That's exactly where minerals formed during magma ocean crystallization
would have been located.
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mineral carries the clues

Bridgmanite, the Blatgk
When regions of the Earth’s semi-solid mantle heat up and melt, they rise
buoyantly towards the Earth’s crust, ultimately producing volcanic rocks when
the magma reaches the surface and cools. By studying the chemistry of these
rocks on the surface, we can probe the composition of the material that melted
to form them.

The isotopic makeup of Isua rocks revealed that their journey to Earth’s surface
involved several stages of crystallization and remelting in the interior of the
planet - a kind of distillation process on their way to the surface. But the rocks
that emerged, located in present-day Greenland, still retain chemical signatures
that connect them to Earth’s magma-covered past.

And whilst we are talking about deep geochemistry

Serendipity can be a wonderful thing; whilst the geologists involved with the
Isua rocks went looking for specimens, the next one turned up by chance.

Geochemists had managed to synthesize the mineral Davemaoite in a lab using a
high-pressure environment, but its chemical structure immediately rearranged itself
once the mineral was removed from 20 gigapascals of pressure. They knew that this



mineral probably only existed in the mantle, where the pressure is similar, making

it presumably impossible to find a natural specimen.... until serendipity played its
ace of trumps.

Davemaoite inclusions in a diamond

The mineral - calcium silicate perovskite, to give its correct chemical name originated
more than 650 km underground and provides geologists with a glimpse of the
chemical makeup of the lower mantle. The diamond was mined over 30 years ago
in Botswana, but only recently was it subjected to scientific attention. It is speculated
that around 5 to 7 percent of the lower mantle could be made up of Davemaoite.

Not neglecting the deep Oceans

Being an oceanographer probably equates to looking at life through a pinhole,
but interesting things do crop up including this glassy erupted basalt. The rock
exists everywhere along Oceanic ridges.

The composition of the basalt can be used to derive the temperature of their
formation. Using 13,500 samples collected over many years, researchers were
able to generate a map of mantle temperatures along the entire length of the
ocean ridge system. From this map, they observed that much of the mantle is
relatively homogenous, with an average temperature of around 1,350 degrees



Celsius. There are however, “hotspots,” or regions along the ridges, where
temperatures in the mantle appear significantly hotter, at around 1,600 degrees
Celsius.

Rock of the month

This interesting mineral is one of a group of related rocks that you wouldn't want
to be around. It is blue asbestos or Crocidolite, which rejoices with this formula:
Na2(Fe2+3Fe3+2)Sis022(0H)2. You can clearly see its fibrous nature at the left of this
specimen. All forms of asbestos are carcinogenic, but this one especially so.

This is a seam of the mineral. Although its use is banned throughout Europe and
North America, it is still widely mined elsewhere.

Opinion piece

Gillian Foulger's recent talk left me feeling uneasy. A feeling I also experienced
when I last listened to her a few years ago. I know that I should be respectful
of the knowledge of people who are far better qualified than me, and I am. But
I am equally certain that if they wish to convince me of their point of view then
it should be done with clarity and a soundly supported evidence base.



Where I start to diverge from the Professor's thesis on mantle plumes/hot
spots/intra plate vulcanism, is that she presents an exclusively negative scenario
without proposing any alternative; and I wonder why? One may argue that it is
necessary to demolish a shibboleth before erecting a new theorem to replace it,
but I saw no evidence that suggested any inkling of progressive thinking.

However, shortly after the talk I came across a report which proposes that
imbalanced forces and torques in the Earth-moon-sun system drive circulation
of the whole mantle. The new analysis provides an alternative to the hypothesis
that the movement of tectonic plates is related to convection currents in the
Earth's mantle. One of the academics associated with the publication of the
report was Gillian R Foulger, although she was not cited as an author. So my
unease was further compounded as I found the proposition raising all sorts of
objections in my mind.

So I am faced with an apparently unresolvable dichotomy. Is Professor Foulger
a voice “crying in the wilderness” who has yet to be acknowledged or is she just
plain and simply wrong?

What do you think? If you would like to respond then please do so - you know
my contact details. If you would like to contribute an opinion piece, then it would
be welcome.

gm@malvernu3a.org.uk
Geoffrey

https://www.bbc.com/news/world-australia-60027360
https://www.nature.com/articles/d41586-022-00137-
z?fbclid=IwAR3p84Q0znou0hCISaBTrUBtECGqpV9i4f5AXYmpHYyxbKZBNhU5r5x
rCRV4

For very good quick information about the Tonga eruption.
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