Last month I promised you a new feature and you'll find it towards the end of
the magazine. I hope that you enjoy the read. If you would like to contribute a
piece or pieces then I would be delighted to hear from you.

Although it is well past now, I wonder how many of you noticed that it was
Geologists' Day recently — anyway belated greetings to all of the tribe — amateur
or professional. And now, just to show that geologists are not just rock bashing,
beer swilling, countryside despoilers, but also smooth and sophisticated, here is
a bit of culture. “A Shakespearean Motley is a delightful cabinet of Shakespearean curiosities,
arranged in a straightforward alphabetical order, that will inform, enthuse.” What follows is a
geological motley, though in no particular order.

say about four and a half billion years ago, well unlikely I know, but stay with
me, you would have been rather startled when this happened. This is a vivid
image of the planetoid Theia colliding with Earth and going on to form the Moon.

Recently, a team of scientists have made a provocative new proposal: Theia's
remains can be found in two continent-size layers of rock buried deep in
Earth's mantle. For decades, seismologists have puzzled over these two blobs,



which sit below West Africa and the Pacific Ocean and straddle the core like a
pair of headphones. Up to 1000 kilometres tall and several times that wide,
they are the largest entities in the Earth's mantle,
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Seismic waves from earthquakes abruptly slow down when they pass through
the layers, which suggests they are denser and chemically different from the
surrounding mantle rock. The large low-shear velocity provinces (LLSVPs), as
seismologists call them, might simply have crystallized out of the depths of
Earth's primordial magma ocean. Or they might be dense puddles of primitive
mantle rock that survived the trauma of the Moon-forming impact. The LLSVPs
are the largest contiguous structures in Earth’s mantle and they considerably
impact surface volcanism, deep mantle convection and core heat flux that is
responsible for the dynamo which drives our magnetic field. The sub-African
structure is less dense and so less stable than the other one and may be
influencing the East African rift formation.

But this one is a mere newcomer at only 58 Million years age, when a meteorite
impacted in what is now north-west Greenland and formed a crater some 31 Km
across (roughly the distance from here to Redditch). That was no small impact,
particularly when you remember that meteorites have an initial speed at the top
of the atmosphere anywhere between 11 and 72 Km/sec. It must have been a
highly spectacular event, but one whose evidence is only just coming to light;
even then, no one has yet seen it!



The left hand diagram below shows the general location, whilst the right hand
one shows the topography underlying the Hiawatha Glacier; the existence of the

crater was revealed by an airborne radar survey.
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In order to date the as-yet invisible crater, geologists collected sediment samples
from the river which flows from the glacier at the points marked with white

circles. The Zircon crystals used showed two distinct ages: Unshocked zircon
in the impact melt rocks dated to ~1915 million years, consistent with
felsic intrusions found in local bedrock. Other data indicate Late
Paleocene resetting and shocked zircon dates at about 58 million years.

This tiny Zircon crystal shows the effect of the shock of impact on the minute
fractures labelled PDF. By way of a contrast, the image on the next page shows
an unshocked Zircon
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When a mysterious series of earthquakes emanated from the uninhabited South
Sandwich Islands, scientists all over the world found themselves confused.

First a magnitude 7.5 earthquake struck under the islands, a British Overseas
Territory in the frigid waters of the southern Atlantic Ocean. Three minutes later,
a magnitude 8.1 quake shook the region again.

These rumblings, which occurred on August 12, 2021, were not unusual on their
own, since the islands sit atop a combative meeting of tectonic plates. The odd
part is that they were followed by a tsunami powerful enough to show up on
distant shores along the Atlantic, Pacific, and Indian Oceans. Although the swell
wasn’t destructive, it was the first since the catastrophic tsunami of New Year's
Day 2004, to be recorded in three different oceans.
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These large coastal waves are usually made when something displaces a lot of
water. In this case, the thing that triggers a tsunami is the deformation of the
seafloor, but a quake here needs to be shallow enough for a tsunami like this to
happen.



The magnitude 7.5 quake on August 12 occurred at a depth of 47 Km, so it
was very unlikely to have generated the global-spreading tsunami observed
much later, the magnitude 8.1 event just after was a slightly more suspicious
event, with a shallower depth of 23 Km.

The first two quakes, both magnitude 7.2 events, lasted for just 23 and 19
seconds, respectively. These two ruptures, when combined, produced what was
previously thought to be the single magnitude 7.5 event. The last two quakes—
a magnitude 7.6 and 7.7, respectively—were also short-lived.

The third rupture in the rock, however, sandwiched between the other four,
stood out. Registering as a magnitude 8.2 event, it was extremely powerful,
unleashing the majority of the entire five-part quake’s energy. It was also slow,
taking 180 seconds to occur. That was partly why it remained hidden for so
long.

Incidentally, the energy released by the 8.2 magnitude earthquake was at least
equivalent in yield to an explosion of 60,000,000,000 tons of TNT.

These closely spaced events produced very confused and messy seismic data
and it took months of careful analysis to reveal the sequence of events that
produced such a remarkably widespread tsunami.

So where do you think this?

Well the answer is not easily guessed at, but there are some clues. The landscape
looks arid and treeless, there are several small areas generating 'steam' which,
if the one in the foreground is anything to go by, could be small ponds or lakes,
and finally there are some areas of snow. Iceland perhaps or Kamchatka?
Actually neither of these, the correct answer is Tibet.

There are lots of these features - hot lakes - which are dependent on plate
tectonics for their existence. Two of these are involved, the Eurasian plate and
the Indian. Now, using geochemical data from 225 hot springs, scientists have
mapped the boundary between the Indian and Eurasian continental plates,


https://phys.org/tags/hot+springs/

shedding light on processes occurring deep below the surface. The findings, also
have implications for mineral formation researchers.

Using data that took 10 years to collect from a huge area, isotopes pf the noble
gas helium, which doesn't react with other chemicals, the study authors
determined which springs originated from each continental plate. One helium
isotope sighature revealed when the gas came from the hot mantle - the Asian
plate, while a different signature indicated the much colder Indian plate. The
research shows that the colder plate is only detected in the south, beneath the
Himalayas, while further north, India is no longer touching Tibet above it, it is
separated from Tibet by a wedge of hot mantle.

In continental collision, researchers have hypothesised that subduction of ocean
crust dragged the two continents closer together until they collided, closing up
the subduction zone for mountain building to occur. This evidence of the
continental boundary below Tibet introduces the possibility that the continental
crust is releasing fluids and melting, just as it would happen in oceanic
subduction.

Ever since the Spaniards conquered South America in search of gold, civilizations
have known about rich mineral deposits in places like the Andes Mountains,
which are part of the Ring of Fire. Southern Tibet has more recently also been
recognised as a rich mineral province, with gold, copper, lead, zinc and other
deposits, which are difficult to explain using only the old models of continental
collision.

To finish, here is a simplified N-S cross section of the area. Gaze in awe.
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Rock of the month

They don't normally come this big - pyrites,that is.

A member writes
My thanks to Paul Bright for this piece.

"I propose to write a number of follow up short articles on each of the options,
Nuclear, Gas, Wind, Solar, Hydro, Geothermal, (and possibly even Coal) in order
to assess the pros and cons of each"

While the UK is no longer an EU member an ongoing EU debate about what
energy sources are best incorporated into the energy mix is relevant and may
be useful as an introduction. The EU is currently debating a proposal to label
energy generated from some nuclear power and natural gas plants as ‘green’
sources for investment purposes, despite internal disagreement over whether
either or both qualify, for different reasons, as environmentally friendly options.

The proposal is based on the assumption that some energy from these sources
will be necessary for the transition towards carbon-neutral energy, at a time of
increasing electricity demand (and price), in the fight against climate change.
The situation in Ukraine, with consequences for the supply of Russian Gas to
Europe may change the debate. "We're setting out how gas and nuclear could
make a contribution in the difficult transition to climate neutrality," EU financial
services chief Mairead McGuinness said.

Nuclear energy is carbon intensive at the construction stage, large quantities of
concrete are involved, which involve CO2 emissions. However, the plants have a
long life and during the operating phase electricity from nuclear power is carbon
neutral. Safety, a growing concern following events in Ukraine, and the
treatment, disposal and long-term storage of nuclear waste remain issues.

Natural Gas is a fossil fuel and is responsible for Methane emissions, a


https://www.france24.com/en/tag/climate-change/

greenhouse gas 84 times more powerful than CO2 over the short term, during
electricity production, as well as during its production, distribution and transport.
In the EU in 2019, 39% of the electricity consumed came from power stations
burning fossil fuels and 35% from renewable energy sources, while 26% came
from nuclear power plants. In the individual member states, there is a wide
variety of sources from which electricity is generated. In 2019 the electricity
sector's grid supply for the United Kingdom came from 43% fossil fuelled power
(almost all from natural gas), 48.5% carbon-neutral power (including 16.8%
nuclear power and 26.5% from wind, solar, and hydroelectricity).
https://gridwatch.co.uk/

Plate tectonics - the easy explanation

Alan Gray never thought of explaining it this way
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