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I suppose we have the Covid equivalent of the first buds of spring, although just
having glanced at the latest statistics, they might suggest a late frost; fingers
crossed.

Geology, however, continues apace with the usual collection of eruptions,
earthquakes and landslides, although for the most part you wouldn't notice,
which is exactly what you would expect. Perhaps one of the more interesting
events has been the discovery of silver ores during drilling in Cornwall. Lithium
is the hoped for discovery, but the copper and tin ores already noted are not in
the least unwelcome. Spend your holidays in Cornwall — the new Klondike (well
a very old one really). Similarly if you care to go to North Wales, you can explore
Neolithic/Bronze age copper mines.

It is interesting to contemplate how we have exploited planetary resources over
historic time, starting with stone, then metals, followed by hydrocarbons and
now the wind. What next? Perhaps, and this is a moot, rather than philosophical
point, we should insist that all politicians should study environmental science
and the laws of thermodynamics. I'll leave that thought with you.

Out of this world




You will not have experienced any problems in recognising this image as being
extra-terrestrial. If you recognised it as the moon Ganymede, then that would
be impressive. Ganymede, a satellite of Jupiter, is the largest and most massive
of the Solar System's moons. The ninth-largest object of the Solar System, it is
the largest without a substantial atmosphere. It has a diameter of 5,268 km,
making it 26% larger than the planet Mercury by volume, although it is only 45%
as massive. Possessing a metallic core, it has the lowest moment of inertia of
any solid body in the Solar System and is the only moon known to have a
magnetic field.

Ganymede is composed of approximately equal amounts of silicate rock and
water. It is a fully differentiated body with an iron-rich, liquid core, and an
internal ocean that may contain more water than all of Earth's oceans combined.
Its surface is composed of two main types of terrain. Dark regions, saturated
with impact craters and dated to four billion years ago, cover about a third of it.
Lighter regions, cross cut by extensive grooves and ridges and only slightly less
ancient, cover the remainder. The cause of the light terrain's disrupted geology
is not fully known, but was likely the result of tectonic activity due to tidal heating

And that's number 7956

I know - you'll be thinking that I have finally gone mad, but no - that is about
the number of earthquakes experienced in New Zealand so far this year.

The picture is of Hamilton in the country's North Island, where my cousin lived.
She described earthquakes as very disorientating experiences “as though the
whole room had gone dizzy” was her more graphic description.

Scientists knew that the ocean floor at the northern part of the islands, where
the plates slide slowly together, generates the small, slow-moving earthquakes
called slow slip events - movements that take weeks, sometimes months to
complete. But at the southern end of the islands, instead of sliding slowly as
they do in the northern area, the tectonic plates lock. This locking sets up the
conditions for a sudden release of the plates, which can trigger a large
earthquake. It is really curious and not understood why, in a relatively small
geographic area, you would go from lots of small, slow-moving earthquakes to
a potential for a really large earthquake, that is, until now.

In December 2018, a research team began a 29-day deep-sea cruise to collect
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data. Similar to taking an MRI of the Earth, the team employed electromagnetic
wave energy to measure how current moves through features in the ocean floor.
From these data, the team was able to get a more precise look at the role
seamounts, large undersea mountains, play in generating earthquakes.

The northern part of the margin has really large seamounts. It had been unclear
what those features can do when they subduct and how that dynamic affects the
interaction between the two plates.

It turns out, the seamounts hold a lot more water than geophysicists had
expected - about three to five times more than typical oceanic crust. The
abundant water lubricates the plates where they join, helping to smooth any
slippage, and preventing the plates from the sticking that can set up a large
earthquake. This helps explain the tendency toward the slow, silent earthquakes
at the northern end of the margin.

The researchers were also able to closely examine what is happening as a
seamount subducts. They discovered an area in the upper plate that seems to
be damaged by a subducting seamount. This upper plate zone also seemed to
have more water in it.

That suggests the seamount is breaking up the upper plate, making it weaker,
which helps explain the unusual pattern of silent earthquakes there. The
example provides another indication of how seamounts influence tectonic
behaviour and earthquake hazards.

Conversely, both the lack of lubrication and the weakening effects of seamounts,
may make the southern part of the island more prone to sticking and generating
large earthquakes.

Welcome to Venus! The temperature today is 467 °C, and the pressure is 93
bar, roughly the same found 900 m underwater on Earth. Oh, and the sulphuric
acid clouds are especially dense at this time of year.

Venus has long been assumed to have an immobile solid outer shell, or
lithosphere, just like our own Moon. In contrast, Earth’s lithosphere is broken
into tectonic plates, which slide against, apart from, and underneath each other
on top of a hot, weaker mantle layer. The Venusian surface has been extensively
deformed, and convection of the underlying mantle, possibly acting in concert
with a low-strength lower crust, has been suggested as a source of some surface



horizontal strains. The extent of surface mobility on the planet driven by mantle
convection, however, and the style and scale of its tectonic expression have been
unclear.

Now a team from North Carolina State University has identified a previously
unrecognized pattern of tectonic deformation on Venus, one that is driven by
interior motion just like on Earth. Although different from the tectonics we
currently see on Earth, it is still evidence of interior motion being expressed at
the planet’s surface.

These are the wrinkly bits referred to in the article.

The great disappearing act




In the USA this is known as the Great Unconformity. The difference in ages
between these two very obviously different rocks is about a billion years. That
creates the immediate question "Where on Earth did all that rock go to, and what
was the mechanism for its removal”?

A leading thought is that glaciers scoured away kilometres of rock around 720
to 635 million years ago, during a time known as Snowball Earth, when the
planet was completely covered by ice. This hypothesis even has the benefit of
helping to explain the rapid emergence of complex organisms shortly thereafter,
in the Cambrian explosion, since all this eroded material could have seeded the
oceans with tremendous quantities of nutrients.

Part of the challenge of investigating the Great Unconformity is that it happened
so long ago, and the Earth is a messy system. The rocks have been buried and
eroded multiple times through their history. An American team has recently
investigated this gap using a technique called thermochronology. Below the
Earth’s surface, the temperature begins to rise as you increase in depth This
creates a temperature gradient of roughly 25 degrees Celsius for every kilometre
of depth. And this temperature regime can become imprinted in certain minerals.

As certain radioactive elements in rocks break down, Helium-4 is produced. In
fact, helium is constantly being generated, but the fraction retained in different
minerals is a function of temperature. As a result, scientists can use the ratio of
helium to thorium and uranium in certain minerals as a paleo-thermometer. This
phenomenon enabled the team to track how rock moved in the crust as it was
buried and eroded through the ages.

The team took samples from granite just below the boundary of the Great
Unconformity at Pikes Peak in Colorado. They extracted grains of a particularly
resilient mineral, zircon (yes that one again), from the stone and analysed the
radio nuclides of helium contained inside.

Zircons from Pikes Peak.
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The technique revealed that several kilometres of rock had been eroded from
above this granite between 1,000 and 720 million years ago. Importantly, this
stretch of time definitively came before the Snowball Earth episodes. In fact, it
lines up much better with the periods in which the supercontinent Rodinia was
forming and breaking apart. This offers a clue to the processes that may have
stricken these years from the geologic record.

The basic hypothesis is that this large-scale erosion was driven by the formation
and separation of supercontinents. The Earth’s cycle of supercontinent formation
and separation uplifts and erodes incredible extents of rock over long periods of
time. And because supercontinent processes, by definition, involve a lot of land,
their effects can appear fairly synchronous across the geologic record.

So here we go again - “you pays yer money...”

Yes, this is a slightly sneaky one - in fact we have rock in molten form, in this
case on Mt Etna. The suspect in question is our old friend basalt.

Thanks to efforts by Roger Hunt and John Elkington (U3A Webmaster), I now
have a new email contact address:

gm@malvernu3a.org.uk

Do please get in touch. Your observations, queries, and suggestions are always
welcome. Geoffrey
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