November 2021
Editorial

These days, many scientific disciplines are deeply intertwined. With a core of
geology, one often finds that chemistry, physics, biology and especially
mathematics are essential co-inhabitants, though not usually all at the same
time. Phew! Oh but not forgetting computing skills. This requirement for
geologists to be broadly skilled is demanding, but it does bring rewards as I hope
you will see in this month's stories.

Geology in a simpler age

Just by way of being contrarian, I thought that I would start with an example of
what could be revealed by careful observation and sound reasoning.

This is a sketch from a field note book; it was drawn by a chap called James
Hutton in 1787 from a rock face at Jedburgh and a year later he discovered
another similar, and now World renowned feature, at Siccar Point. He had found
nearly vertical layers of grey slate rising up from the sea in a sheer cliff face,
only to terminate abruptly against gently dipping beds of red sandstone Of the
day he wrote ™ We felt ourselves necessarily carried back to the time when the schistus

on which we stood was yet at the bottom of the sea, and when the sandstone before



us was only beginning to be deposited, in the shape of sand or mud, from the waters
of a superincumbent ocean. An epocha still more remote presented itself, when even
the most ancient of these rocks, instead of standing upright in vertical beds, lay in
horizontal planes at the bottom of the sea, and was not yet disturbed by that
immeasurable force which has burst asunder the solid pavement of the globe.... The

mind seemed to grow giddy by looking so far into the abyss of time”
https://www.youtube.com/watch?v=]JCEDCcHcpYE

He was right to feel “chuffed” as modern vernacular puts it. He used Siccar Point
to demonstrate the cycle of deposition, folding, erosion and further deposition
that the wunconformity represents. He wunderstood the implication of
unconformities in the evidence that they provided for the enormity of geological
time and the antiquity of planet Earth, in contrast to the biblical teaching of the
creation of the Earth.

Had he forsaken the esoteric delights of Scottish weather and plumped instead
for the heat, snakes and scorpions of New Mexico, he could have found further
proof (if he needed it) of his insights.

Global warming and geology

The following graph compares global surface temperature changes (red line) and
the Sun's energy received by Earth (yellow line) in watts per square metre since
1880. The lighter/thinner lines show the yearly levels while the heavier/thicker
lines show the 11-year average trends. Eleven-year averages are used to reduce
the year-to-year natural noise in the data, making the underlying trends more
obvious.

The amount of solar energy Earth receives has followed the Sun’s natural 11-
year cycle of small ups and downs with no net increase since the 1950s. Over
the same period, global temperature has risen markedly. It is therefore
extremely unlikely that the Sun has caused the observed global temperature


https://www.youtube.com/watch?v=JCEDCcHcpYE

warming trend over the past half-century.

The Sun can influence Earth’s climate, but it isn’t responsible for the warming
trend we've seen over recent decades. The Sun is a giver of life; it helps keep
the planet warm enough for us to survive. We know subtle changes in Earth’s
orbit around the Sun are responsible for the comings and goings of the ice ages.
But the warming we’ve seen in recent decades is too rapid to be linked to
changes in Earth’s orbit and too large to be caused by solar activity.

Temperature vs Solar Activity
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This ascending trend has been linked with our utilisation of carbon based fuels,
notably coal and petroleum products. On a global scale their combustion releases
huge amounts of carbon dioxide and both directly and indirectly the gas methane;
both of these being potent greenhouse gases.

About 30 percent of the carbon dioxide that people have put into the atmosphere
has diffused into the ocean through the direct chemical exchange. Dissolving
carbon dioxide in the ocean creates carbonic acid, which increases the acidity of
the water. Or rather, a slightly alkaline ocean becomes a little less alkaline. Since
1750, the pH of the ocean’s surface has dropped by 0.1, a 30 percent change
in acidity.

Ocean acidification affects marine organisms in two ways. First, carbonic acid
reacts with carbonate ions in the water to form bicarbonate. However, those
same carbonate ions are what shell-building animals like coral and Foraminifera
need to create calcium carbonate shells. With less carbonate available, the
animals need to expend more energy to build their shells. As a result, the shells
end up being thinner and more fragile.

Second, the more acidic water is, the better it dissolves calcium carbonate. In
the long run, this reaction will allow the ocean to soak up excess carbon dioxide
because more acidic water will dissolve more rock, release more carbonate ions,
and increase the ocean’s capacity to absorb carbon dioxide. In the meantime,



though, more acidic water will dissolve the carbonate shells of marine organisms,
making them pitted and weak.

o Elphidium liodense (Cushman) from the Quaternary of the Dovey Estuary,
Wales. BGS © UKRI.

And if you accumulate many trillions of tons of these shells over millions of years,
this is what you finish up with:

Except that we are interfering with the process..... I'm sure that you will have
heard about the Law of Unintended Consequences - well here it is in quite large
letters.

And another fine mess you've got me into

One of the consequences of increasing greenhouse gas concentration is the
previously noted temperature increase and with it comes increased melting of
glacial ice. The phenomenon of glacial retreat has been featured in these pages
before, but the size of the issue on the island of Greenland has only recently
been estimated.

Beneath Greenland’s dome of snow and ice, nearly 100 glaciers drain from a
central ridge. Winding valleys in the east slow their speeds, whereas heavier
snowfall in the north-west supercharges a straight run out to sea. Greenland has



about 5,000 gigatons less ice than it had 20 years ago. Part of the problem is
that once melting starts it is hard to stop. Pools of warm meltwater eventually
seep into the glacier. This softens and lubricates its base, speeding its slide to
warmer elevations where the ice softens further and slides even faster.

A small fraction of a Greenland meltwater lake that covered 5.6 km?:

Although run off from Greenland represents only 1.1% of the Earth’s freshwater

flux, the Greenland ice sheet produces approximately 8% of the modern fluvial
export of suspended sediment to the global ocean. Let that figure sink in.

Rock of the month
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This is a trilobite that was quietly making its way"aé.rcgss the sea floor some 500
million years ago when suddenly something catastrophic happened and life
ceased, but fortunately for us, the preservation of its tracks and some other

trace fossils was excellent.



And now for something completely different

If you would like to be relieved of £6000 and spend 33 hours in several aircraft
then you too could fly to Bora Bora.

Enticing isn't it! If you guessed that it is an extinct volcano surrounded by a coral
reef, then give yourself full marks. It is the upper part of a shield volcano made
up of a pile of metre-thick alkali basalt flows and rare Hawaiites. The summit
caldera (4.4 km in diameter) is still recognizable and a southwestern tilting of
the volcanic edifice led to a relative uplift of the northern and eastern parts of
the volcano. Bora Bora lavas derive from low partial melting temperatures of a
mantle source. The sub-aerial volcanic activity corresponding to the presently
emerged portion of the edifice took place between 3.45 and 3.10 Ma. These ages
are consistent with the formation of the island by the Society Islands hot spot.
This is considered as fixed and the Pacific plate moved across it at a speed 11
cm/yr.

La Palma volcano - from a Spanish point of view

Fortunately for most of us, this is the English language version. It is a very clear
and well illustrated account and takes in a wider view of the whole Canary Islands
Archipelago vulcanism.
https://english.elpais.com/science-tech/2021-10-06/the-underwater-hotspot-
feeding-la-palmas-volcano-will-create-new-islands.html

Editorial contact

gm@malvernu3a.org.uk
Do please get in touch. Your observations, queries, and suggestions are always
welcome.
Geoffrey
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