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Editorial

I have a confession to make, and no it isn't one of those by
someone with a guilty conscience nor one that has been obtained
by psychopathic torturers. Quite simply I'm a believer. One evening
with nothing much else to do I decided to read the first IPCC report
(Intergovernmental Panel on Climate Change). It wasn’t exactly a
laugh a minute sort of document, but I found it interesting and it
confirmed what I had long suspected. So, in a nutshell, Global
Warming is an increase in the Earth's overall average temperature
caused by adding extra carbon dioxide, methane and other
greenhouse gases to the atmosphere that absorb and trap heat.

At this point, you might reasonably say, well what has this to do
with geology? Well quite a lot really, as you might have gathered
from the drip feeding of articles about it over recent years. Carbon,
in various chemical guises, cycles through the geosphere* and is
important. How so? Well read on.

*The lithosphere, hydrosphere, and atmosphere, considered as a single system.

They don’t look very exciting




But what you are looking at is a collection of Brazilian diamonds
found at Juina. Here is one in close up:

It's not really the brilliant sparkling variety that we see in jewellers’
windows, but from a scientific point of view, much more interesting.

A unique haul of diamonds that formed incredibly deep underground
has been found at this site. What is more, they contain evidence
that points to the existence of a remarkably preserved piece of
original Earth rock that remains intact far underground.

It is hard to believe that any of Earth’s early structure could still
exist today after being churned up by more than 4 billion years of
geological activity. But several diamonds uncovered in the Juina
area contain chemical signhatures that suggest such a reservoir of
rock is still preserved deep under the surface.

The diamonds, which were analysed by Suzette Timmerman and her
colleagues at the Australian National University, contain high levels
of an ancient helium isotope called Helium-3 that was incorporated
into Earth’s first rocks.


http://rses.anu.edu.au/people/students/suzette-timmerman
https://www.newscientist.com/article/2120971-secrets-of-earths-birth-carried-in-lava-jets-from-planets-core/
https://www.newscientist.com/article/2120971-secrets-of-earths-birth-carried-in-lava-jets-from-planets-core/

This suggests that the diamonds, which are themselves thought to
be less than 500 million years old, formed in or above a remnant of
Earth’s original rock. As they formed, they encapsulated some of
the ancient helium-3 that is slowly diffusing upwards from this
primordial rock.

The diamonds also contain a mineral called Breyite that is formed at
ultra-high pressures, suggesting they originated about 410 to 660
kilometres underground. This means the primordial rock must be
deeper than at least 410 km, says Timmerman

Normally, diamonds form at depths less than 230 km. This makes
these “super-deep” diamonds unique time capsules to study early
Earth. The diamonds were carried by upwellings of hot rock and
volcanic eruptions about 93 million years ago, finally ending up in
the Juina mines.

The researchers are now hoping to work out the location and size of
the preserved primordial rock that supplied the helium-3 now
trapped in these diamonds. “Hopefully we will then be able to
understand more about how it formed and survived,” Timmerman
says. Her best guess is that the primordial rock is a very dense
structure close to Earth’s core, which would explain why it has
managed to remain intact all this time. Clearly it won't be possible
to access the rock directly because it is so deep, but further studies
of super-deep diamonds may help us to understand it better,

How do diamonds form?
These pure carbon crystals may be formed by any of several
possible routes. I recommend the following link for a succinct

explanation.

https://geology.com/articles/diamonds-from-coal/

So, coal isn’t a source material for the carbon in diamonds but it is
a very good way of locking up carbon in enormous quantities.

Coal as a carbon trap

At various times in the geologic past, the Earth had dense forests in
low-lying wetland areas. Due to natural processes such as flooding,
these forests were buried underneath sediment. As more and more
sediment deposited over them, they were compressed. The
temperature also rose as they sank deeper and deeper. As the
process continued the plant matter was protected
from biodegradation and oxidation, usually by mud or acidic water.


https://geology.com/articles/diamonds-from-coal/
https://en.m.wikipedia.org/wiki/Biodegradation
https://en.m.wikipedia.org/wiki/Oxidation

This trapped the carbon in immense peat bogs that were eventually
covered and deeply buried. Under high pressure and high
temperature, dead vegetation was slowly converted to coal. The
conversion of dead vegetation into coal is called coalification.
Coalification starts with dead plant matter decaying into peat. Then
over millions of years the heat and pressure of deep burial causes
the loss of water, methane and carbon dioxide and an increase in
the proportion of carbon. Thus first lignite (also called "brown coal"),
then sub-bituminous coal, bituminous coal, and
lastly anthracite (also called "hard coal" or "black coal") may be
formed.

The wide, shallow seas of the Carboniferous Period provided ideal
conditions for coal formation, although coal is known from most
geological periods. The exception is the coal gap in the Permian-
Triassic extinction event, where coal is rare. Coal is even known
from Precambrian strata, which predate land plants—this coal is
presumed to have originated from residues of algae.

Sometimes coal seams (also known as coal beds) are interbedded
with other sediments in what is termed a cyclothem.

Here in Alaska are a series of cyclothems - the coal seams being
self evident. The fir trees give some idea of scale.
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The sea, the sea

The oceans cover about 70% of the planet’s surface and contain
about 7.61x1023 kg of water (that just short of a million, million,
million, million kilograms). Carbon dioxide gas dissolves fairly
readily in water and with the assistance of rain forms a very mildly
acidic solution that finishes up in the Oceans where it becomes
available to form both chalk and limestone. Some of this material
can be conveyed underground at a subduction zone. Here it might
be quite rapidly (in geological terms) recycled via a volcano, having
been turned back into a gas by the higher underground
temperatures. Volcanoes have an annual release of about 0.25 giga
tonnes of carbon dioxide. So there we have a natural cycle.

But it then starts to get complicated once the industrial revolution
started in the 18t Century. Humankind started to exploit the
planet’s natural resources at a huge and ever increasing rate. All
industrial processes need a source of energy and for many years
that came directly or indirectly from burning coal and later
petroleum products. The effect of this was to increase the level of
carbon dioxide in the air since the rate of production was greater
than the ability of natural processes to absorb it. The rate of
production of human sourced gas is 26.4 giga tonnes a year.

Now throw into the equation the Milankovitch Cycles which show
how natural variations in the Earth’s orbit affect climate and life
gets seriously complicated. You can read about these cycles at your
leisure:

https://en.wikipedia.org/wiki/Milankovitch cycles

The climatic and oceanic changes which are occurring are having
various geological effects, particularly an increased rate of erosion.

So how much carbon is there in the geosphere?

This question has been puzzling geologists for some time, but after
careful work over 10 years an answer has been arrived at, and it's a
pretty huge number. About 0.2% of Earth's total carbon - around
43,500 billion tonnes - is estimated to be above the planet's surface,
in the oceans, on land, and in the atmosphere. Everything else is in
the deep reservoir, with two-thirds of the total contained within the
core. So that leaves the remaining amount of carbon - 99.8% of it
estimated to be 1.85 billion, billion tonnes.


https://en.wikipedia.org/wiki/Milankovitch_cycles

The study revealed that the planet's carbon budget through much of
the last billion years has been in a relatively steady state. Put
another way, the carbon that has been drawn down into the Earth's
interior by subduction is roughly equal to what has been out gassed
to the atmosphere through the likes of volcanoes. Every now and
then, however, there have been major catastrophic perturbations in
this cycle.

These disturbances were the result of asteroid impacts or prolonged,
large-scale volcanism, such as the Deccan Flats eruption, that put
substantial volumes of carbon dioxide into the atmosphere - leading
to warming, acidified oceans, and even mass extinctions.

The suspicion, of course, is that we are now in another of these
great perturbations. Over the past 100 years, carbon emissions
from human activities such as through the burning of fossil fuels
have been 40 to 100 times greater than our planet's geologic
carbon emissions. It is really quite startling that the amount of
carbon dioxide we are emitting in a short time period is very close
to the magnitude of those previous catastrophic carbon events.

A lot of those ended in mass extinctions, so there are good reasons
why there is discussion now that we might be in a sixth mass
extinction.

Rock of the month

Scientists have identified a sudden explosion of mineral diversity on
the surface of our planet that would not exist if it were not for
humans, adding weight to the argument that we are living in a new
geological epoch - the Anthropocene.

A new study has found that the incredible upsurge of new minerals
around the time of the industrial revolution led to the
unprecedented diversification of crystals on Earth, eclipsing even
the Great Oxidation Event 2.3 billion years ago as the "greatest
increase in the history of the globe".

This is a spike of mineral novelty that is so rapid - most of it in the
last 200 years, compared to the 4.5-billion-year history of Earth.
There is nothing like it in Earth's history.

An examination of 5208 minerals (there’s dedication for you), found
that 208 of them would not have existed except for human activity.
Here is just one of that group for your delectation.



Andersonite,Na>Ca(U0O2)(CO3)3:-6H20,0r sodium calcium uranyl carb-
onate is a rare uranium carbonate mineral that was first described
in 1948. Named after Charles Alfred Anderson of the United States
Geological Survey, who first described the mineral species, it is
found in sandstone-hosted uranium deposits. It has a high vitreous
to pearly lustre and is fluorescent. Andersonite specimens will
usually glow a bright lemon yellow (or green with blue hints
depending on the deposit) in ultraviolet light.

It occurs in the oxidized zone of uranium-bearing polymetallic ore
deposits. It also may occur as an efflorescent crust on the walls and
timbers of uranium mines. As this mineral is water-soluble, samples
must be stored in dry conditions.

Afterthought

This has been a rather brief and superficial romp around a complex
issue; there is much more that could be said and deserves follow up
reading. My concern is that we are the agents of our own
destruction. The changing climate is causing enhanced rates of
glacial melting, sea levels to rise, increases in erosion, and weather
extremes are becoming more common. The longer term outlook is
rather bleak unless global warming is arrested. I'm not sure that we
can yet trust politicians to agree and implement appropriate
palliative measures, but I hope that I am wrong. Rant over.
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