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OILS, ORES, CLIMATE CRISES
Looking at metal-hydrocarbon resource geology through the eyes of
climate crises might just bring these communities together

G

eoscience is unique. The geologist’s planetary workshop
spanning 4.6 billion years of multifarious history – with
environments ranging from a muddy lake bottom to
Earth’s convecting molten metallic outer core – is gargantuan in its
complexity and heterogeneous at all scales. The closest kin to
geoscience is medicine. The prognosis for our future depends on
diagnosing Earth’s history based on infinitesimally small and
humbling data sets, and on imaging the vast interior of the planet
from our vantage points on the surface. Insights come from
multidisciplinary experience, augmented by qualitative
observations, precise measurements, long temporal records and
quantitative models, all enhanced by creativity and imagination.
No politician would argue that medical research is not a good
investment. So too should the investment be made in geoscience.
The more we observe the better we predict. We cannot find a cure
for earthquakes or change Earth’s deep inhale and exhale, but
fundamental investment in the geosciences leads to better
recognition of symptoms – in time to save lives.

Geoscientists need to tell time
Absolute time is our universal reference frame for organising events
in Earth history. The AIRIE Program at Colorado State University and
CEED at the University of Oslo continue with pioneering work using
the Re-Os timepiece to reach back into Archean time, as close as
we can get to the birth of Earth, and to date sulfides in young
volcanoes still active today.
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How does it work? Nearly all elements, including Re and Os, are
composed of different isotopes. One isotope differs from another
only in the number of neutrons deep in the atomic nucleus of the
element. Some isotopes undergo radioactive decay, resulting in a
change in the number of protons and therefore a conversion of one
element to another. The 187Re isotope decays to 187Os with a halflife about ten times the age of the Earth. By measuring the amount
of parent 187Re and daughter 187Os in the material of interest, we
can use the known half-life to calculate the age.
Here’s the unique twist. Unlike all other radiometric clocks in
geoscience, Re and Os are held in only a few, but critically
important, Earth reservoirs. In addition to deep Earth (mantle and
core), Re and Os are found in Earth’s outer crust in the volatile
loads expelled from volcanoes and in sulfides and organic
material. Sulfides are the common minerals for critical metallic
resources, and organic matter is the source for oil and gas. These
commodities are at the crux of modern society.

Enviromental crisis recorded in an ore deposit
Small quantities of sulfides are found in many geologic
environments and in economic volumes in ore deposits. At the Cala
iron (Fe) ore deposit in Spain, we use the sulfide mineral pyrite
(FeS2) together with the oxide mineral magnetite (Fe3O4) to
recognise a deadly overturn in seawater in Late Devonian time. If
falling sea level drove surface waters downslope and upset ocean
stratification, then anoxic bottom waters could be swept up into the
photic zone, triggering a biotic crisis. Re-Os dating pins the crisis to
374 million years ago, exactly the same age as the FrasnianFamennian mass extinction established in other parts of the world.
To back up our interpretation, the sulphur isotopic composition of
pyrite in our dated samples requires quantitative reduction of
seawater sulfate, a consequence of the oceanic overturn.
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is obvious – can we date the time over which black shales make
their oil? That is, can we date the age of maturation and/or
migration of oil? Our samples are buckets of oil, but the procedure
to distill these to a workable volume for the lab bench – and to
extract the part of the oil that contains the Re and Os – is a timeconsuming process. But the answer is of extremely high value. The
finishing touch comes from acquiring the same package of
information for both source rock and oil, and tying the two data
sets together using the complementary tracer tool of Os isotope
geochemistry. What a powerful and profitable union.

Look and you will find

Oil depends on ancient climate and ocean chemistry
Organic material is the critical component in black shales that may
eventually produce oil and gas. Organic material from
phytoplankton to bacteria, the base of the food chain in oceans
and lakes through geologic time, responds to nutrient delivery
whether by wind, erosion, upwelling, volcanic ash or hydrothermal
input into the sea or lake. Organic matter rains down toward the
seafloor, some oxidised (or eaten) en route, some accumulating in
bottom muds. Thus, the amount of organic matter in shales
depends on productivity and preservation in the water column and
sediment. These factors, in turn, depend on climate and the
oxidation state of the oceans.
We date key horizons in Earth history using Re-Os and black
shales. Our approach is to acquire thin slices of geologic time
through 5-15mm samples recovered from a span of drill core
totalling less than 50cm and preferably less than 20cm. In
addition to each sample contributing a point to define an Re-Os
isochron used to calculate the age, the full trace element chemistry
plus analysis of the type of organic matter and its maturation level
are determined on the same sample. This comprehensive package
of information is our basis for interpretation of environmental
conditions in ancient seas and lakes. Stable isotope data for
sulphur (34S), carbon (13C) and nitrogen (15N) may also be acquired
to support our interpretations. In one study from a European Arctic
drill core, our multidisciplinary approach records the onset of the
largest mass extinction of life in Earth history – at the PermianTriassic boundary, about 252 million years ago – when 95% of
marine and terrestrial biota were lost. In the geologically brief
timespan of about 100,000 years, our sampling captured the toxic
onslaught of redox sensitive elements Re, Mo (molybdenum), and
Cd (cadmium) drawn from an unpleasant seawater and stored in
organic-rich marine muds, and lithified to form black shales.
Although mass extinctions are not happy endings, it is these events
that contribute greatly to our store of oil and gas. The next question

You find what you are looking for, but if you don’t know to look for
it, then you don’t see it. Resource geoscience suffers from this
because for too long we have been too comfortable in our own
sand boxes furthering stale dogma. Our science using Re-Os
isotope geochemistry thrives as we eagerly move between
disciplines and challenge doctrinaire thinking. The next big
breakthroughs will involve resource geologists (ore and oil) who are
interested in understanding climate change. After all, these three
(ore, oil, climate) top many lists as scientific priorities.
Always looking ahead to new ways of understanding, we are now
convinced that certain kinds of ore deposits and oil expulsion
events are related. They can be linked to climate crises and oceanscale anoxia and overturns in the geologic record – a connection
that has never been explored. If true, this will lay the important
topic of resource geoscience at the feet of climate scientists. We’ll
all need one another’s expertise, and the clock is ticking.
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