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Editorial

Just when you thought that could relax, here comes another edition
of Geology Matters. It is one with a particular slant and is hopefully
of special interest to those of you with an interest in chemistry. This
is not the point to stop reading if you are not scientifically inclined -
the subject is one which is often ignored but is subliminally present
in our everyday lives; and very important too.

I have to acknowledge my appreciation of the enthusiasm for the
subject of Stuart Robinson who has written the first article which is
about one his particular heroes. It features a distinguished geo-
chemist, but is also a very human story too.

Victor Moritz Goldschmidt

Victor Goldschmidt was born in Zirich in 1888. In 1900 his Jewish
family moved to Oslo when his father Heinrich took over the chair of
Professor of Chemistry in Kristiana. He was awarded a doctorate in
1911 for his study of contact metamorphism in the Kristiana region.
Using a petrological microscope, he identified the mineral
associations known collectively as hornfels.



Hornfels under the microscope

At the age of 26 he was appointed Director of the University
Mineralogy Institute. He was also chairman of a commission for raw
materials.

He used X-ray diffraction to determine ionic radii of major elements;
during crystallization from magma where they are accommodated in
a crystal lattice, subject to compatibility of ionic radii and charge,
which govern the distribution of major elements in minerals.
Conversely incompatible elements are excluded from phenocrysts,
concentrate in residual magma and can often be found in quartz
veins or pegmatites. For example, olivine is a silicate mineral that
commonly incorporates magnesium and iron silicates. This is quite
distinct from common salt which is pure sodium chloride. Rarer
elements, manganese and nickel, are also compatible in olivines but
only occur in much smaller amounts. At this time, Goldschmidt and
Linus Pauling were the leading authorities on silicate chemistry.

In 1929 he was invited to Goéttingen in Germany as Professor of
Mineralogy at the prestigious University founded in 1734 by George
II of England. He continued his research into crystallography,
geochemical cycles and the distribution and abundances of the
chemical elements introducing the Cosmo chemical classification of
lithophiles, siderophiles, chalcophiles and atmophiles. He anticipated



the significance of human CO2 emissions in 1936 while studying the
carbon cycle.

When the Nazi Party came to power he resigned his position in
protest at anti-Semitism and returned to Norway. The German
government issued a dismissal letter signed by G&ring and Hitler!
Fortunately, he was reinstated as director of the Raw Materials
Laboratory as his only other income was from patents. He
investigated the utilization of low-grade phosphates for fertilizers.
In April 1940 Vidkun Quisling declared himself as chief of state in
Norway. By 1942 all Jews in Norway had to declare their ancestry.
VM was arrested twice, narrowly escaped detention in Berg
concentration camp and was smuggled to Sweden with the aid of
the Norwegian resistance.

He returned to Norway in 1946 but died in 1947 following a sixth
operation for cancer. In 1972 the Geochemical Society introduced
their highest award, the Goldschmidt Medal.

The virtual microscope

This seems a convenient moment to revisit this website - the
source of the Hornfels picture used in the first article. It is a
teaching resource and contains a wide range of information about
UK (and overseas) rocks including petrological slides and
photographs of rocks. Somewhere to visit on a wet afternoon.

https://www.virtualmicroscope.org/

Global warming

Stand by for a very big number — 2000 Giga tonnes, that is 2000
thousand million tonnes; it is an estimate of the amount of carbon
in the form of carbon dioxide that has been released into the
atmosphere since 1750, the start of the industrial revolution. You
would have to have been living in a cave, or perhaps the Oval Office,
not to have acknowledged the effect this is having on global
temperatures and climate. There have been international
agreements to cut emissions, and despite some success, a great
deal remains to be done.

A scheme for carbon capture in Iceland, which involves some well
thought out geochemistry, recently caught my attention. The link
will take you to the BBC news item.

https://www.bbc.co.uk/news/world-43789527




And here is an ISS image of our fragile atmosphere;

Now what do you make of this?

You would be forgiven for suggesting that this is a solidified
mudflow or a tufa deposit, but since it is a rarity you are unlikely to
have suggested that it is a lava flow. It is called Carbonatite and
the sole location for its eruption is the volcano Ol Doinyo Lengai, in
Tanzania.



Here is a view of the summit crater:

Due to its chemistry, the lava erupts at the remarkably low
temperatures of 500 to 600 °C. This is what Wikipedia has to say
about that:

“Carbonatite is composed predominantly of carbonate minerals and
extremely unusual in its major element composition as compared to
silicate igneous rocks, obviously because it is composed primarily of
Na>O and CaO plus COa,.

Most carbonatites tend to include some silicate mineral fraction; by
definition an igneous rock containing >50% carbonate minerals is
classified as a carbonatite. Silicate minerals associated with such
compositions are pyroxene, olivine, and silica-under saturated
minerals such as nepheline and other feldspathoids.

Geochemically, carbonatites are dominated by incompatible
elements (Ba, Cs, and Rb) and depletions in compatible elements
(Hf, Zr, and Ti). This together with their silica-under saturated
composition supports inferences that carbonatites are formed by
low degrees of partial melting.”

And now for a little light relief

If you are still baffled after seeing it then ask a chemist (or a fan of
Pointless)



Boo! Hiss!

Rocks of the month - yes two for the price of one

Here we have corundum in the form of ruby on a Painite crystal.

Painite is a very rare borate mineral. It was first found
in Myanmar by British mineralogist and gem dealer Arthur C.D. Pain
in the 1950s. When it was confirmed as a new mineral species, the
mineral was named after him. The chemical makeup of Painite
contains calcium, zirconium, boron, aluminium and oxygen (CaZrAlg
015(BO3)). The mineral also contains trace amounts



of chromium and vanadium, which are responsible for Painite's
typically orange-red to brownish-red colour, similar to topaz. The
crystals are naturally hexagonal in shape, and until late 2004, only
two had been cut into faceted gemstones.

This rather curious structure takes us back to the first article; it is
an intrusion of hornfels in Siberia. It is mined for various rare
platinum group metals.

Exo-chemistry (and maybe biology)

NASA's Curiosity rover has found new evidence preserved in rocks
on Mars that suggests the planet could have supported ancient life,
as well as new evidence in the Martian atmosphere that relates to
the search for current life on the Red Planet. While not necessarily
evidence of life itself, these findings are a good sign for future
missions exploring the planet's surface and subsurface.



The new findings - "tough" organic molecules in 3 billion year old
sedimentary rocks near the surface, as well as seasonal variations
in the levels of methane in the atmosphere are reported in the
journal Science.

Organic molecules contain carbon and hydrogen, and also may
include oxygen, nitrogen and other elements. While commonly
associated with life, organic molecules also can be created by non-
biological processes and are not necessarily indicators of life.

Although the surface of Mars is inhospitable today, there is clear
evidence that in the distant past, the Martian climate allowed liquid
water - an essential ingredient for life as we know it, to pool at the
surface. Data from Curiosity reveals that billions of years ago, a
water lake inside Gale Crater held all the ingredients necessary for
life, including chemical building blocks and energy sources.

"The Martian surface is exposed to radiation from space. Both
radiation and harsh chemicals break down organic molecules.
Finding ancient organic molecules in the top five centimetres of rock
that was deposited when Mars may have been habitable, bodes well
for us to learn the story of organic molecules on Mars with future
missions that will drill deeper.”

Seasonal Methane Releases

In the second paper, scientists describe the discovery of seasonal
variations in methane in the Martian atmosphere over the course of
nearly three Mars years, which is almost six Earth years. Water-rock
chemistry might have generated the methane, but scientists cannot
rule out the possibility of biological origins. Methane previously had
been detected in Mars' atmosphere in large, unpredictable plumes.
This new result shows that low levels of methane within Gale Crater



repeatedly peak in warm, summer months and drop in the winter
every year.

Finding Organic Molecules

To identify organic material in the Martian soil, Curiosity drilled into
sedimentary mudstone from four areas in Gale Crater. This
mudstone gradually formed billions of years ago from silt that
accumulated at the bottom of the ancient lake. The rock samples
were analysed using an oven to heat the samples (in excess of 500
degrees Celsius) to release organic molecules from the powdered
rock.

The results also indicate organic carbon concentrations in the order
of 10 parts per million or more. This is close to the amount
observed in Martian meteorites and about 100 times greater than
prior detections of organic carbon on Mars' surface. Some of the
molecules identified include thiophenes, benzene, toluene, and
small carbon chains, such as propane and butene.

In 2013, some organic molecules containing chlorine were detected
in rocks at the deepest point in the crater. This new discovery builds
on the inventory of molecules detected in the ancient lake
sediments on Mars and helps explains why they were preserved.

Finding methane in the atmosphere and ancient carbon preserved
on the surface gives scientists confidence that NASA's Mars 2020
rover and ESA's (European Space Agency's) ExoMars rover will find
even more organics, both on the surface and in the shallow
subsurface.

And finally, biogeochemistry

Scientists from The Australian National University (ANU) and
overseas have discovered the oldest colours in the geological record,
1.1 billion-year-old bright pink pigments extracted from pigments
taken from marine black shales of the Taoudeni Basin in Mauritania,
West Africa, were more than half a billion years older than previous
pigment discoveries. The bright pink pigments are the molecular
fossils of chlorophyll that were produced by ancient photosynthetic
organisms inhabiting an ancient ocean that has long since vanished.
The fossils range from blood red to deep purple in their
concentrated form, and bright pink when diluted.

Editorial contact
Geoff Carver geoffrey.carver@btinternet.com






