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Study: Early organic carbon got deep burial
in mantle

April 25 2017
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CO, or CH, (volcanic release of Org C)

CO, (Org C weathering +
magmatic/hydrothermal breakdown)

This schematic depicts the efficient deep subduction of organic (reduced)
carbon, a process that could have locked significant amounts of carbon in Earth's
mantle and resulted in a higher percentage of atmospheric oxygen. Based on new
high-pressure, high-temperature experiments, Rice University petrologists argue
that the long-term sequestration of organic carbon from this process began as
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early as 2.5 billion years ago and helped bring about a well-known buildup of
oxygen in Earth's atmosphere -- the "Great Oxidation Event" -- about 2.4 billion
years ago. Credit: R. Dasgupta/Rice University

Rice University petrologists who recreated hot, high-pressure conditions
from 60 miles below Earth's surface have found a new clue about a
crucial event in the planet's deep past.

Their study describes how fossilized carbon—the remains of Earth's
earliest single-celled creatures—could have been subsumed and locked
deep in Earth's interior starting around 2.4 billion years ago—a time
when atmospheric oxygen rose dramatically. The paper appears online
this week in the journal Nature Geoscience.

"It's an interesting concept, but in order for complex life to evolve, the
earliest form of life needed to be deeply buried in the planet's mantle,"
said Rajdeep Dasgupta, a professor of Earth science at Rice. "The
mechanism for that burial comes in two parts. First, you need some form
of plate tectonics, a mechanism to carry the carbon remains of early life-
forms back into Earth. Second, you need the correct geochemistry so
that organic carbon can be carried deeply into Earth's interior and
thereby removed from the surface environment for a long time."

At issue is what caused the "great oxidation event," a steep increase in
atmospheric oxygen that is well-documented in countless ancient rocks.
The event is so well-known to geologists that they often simply refer to it
as the "GOE." But despite this familiarity, there's no scientific consensus
about what caused the GOE. For example, scientists know Earth's
earliest known life, single-celled cyanobacteria, drew down carbon
dioxide from the atmosphere and released oxygen. But the appearance of
early life has been pushed further and further into the past with recent
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fossil discoveries, and scientists now know that cyanobacteria were
prevalent at least 500 million years before the GOE.

"Cyanobacteria may have played a role, but the GOE was so
dramatic—oxygen concentration increased as much as 10,000
times—that cyanobacteria by themselves could not account for it," said
lead co-author Megan Duncan, who conducted the research for her
Ph.D. dissertation at Rice. "There also has to be a mechanism to remove
a significant amount of reduced carbon from the biosphere, and thereby
shift the relative concentration of oxygen within the system," she said.

Rajdeep Dasgupta is pictured. Credit: Jeff Fitlow/Rice University
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Removing carbon without removing oxygen requires special
circumstances because the two elements are prone to bind with one
another. They form one of the key components of the
atmosphere—carbon dioxide—as well as all types of carbonate rocks.

Dasgupta and Duncan found that the chemical composition of the
"silicate melt"—subducting crustal rock that melts and rises back to the
surface through volcanic eruptions—plays a crucial role in determining
whether fossilized organic carbon, or graphite, sinks into the mantle or
rises back to the surface through volcanism.

Duncan, now a research scientist at the Carnegie Institution in
Washington, D.C., said the study is the first to examine the graphite-
carrying capacity of a type of melt known as rhyolite, which is
commonly produced deep in the mantle and carries significant amounts
of carbon to the volcanoes. She said the graphite-carrying capacity of
rhyolitic rock is crucial because if graphite is prone to hitching a ride
back to the surface via extraction of rhyolitic melt, it would not have
been buried in sufficient quantities to account for the GOE.

"Silicate composition plays an important role," she said. "Scientists have
previously looked at carbon-carrying capacities in compositions that
were much more magnesium-rich and silicon-poor. But the compositions
of these rhyolitic melts are high in silicon and aluminum and have very
little calcium, magnesium and iron. That matters because calcium and
magnesium are cations, and they change the amount of carbon you can
dissolve."

Dasgupta and Duncan found that rhyolitic melts could dissolve very little
graphite, even when very hot.
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Megan Duncan is pictured. Credit: Jeff Fitlow/Rice University

"That was one of our motivations," said Dasgupta, professor of Earth
science. "If subduction zones in the past were very hot and produced a
substantial amount of melt, could they completely destabilize organic
carbon and release it back to the surface?

"What we showed was that even at very, very high temperatures, not
much of this graphitic carbon dissolves in the melt," he said. "So even
though the temperature is high and you produce a lot of melt, this
organic carbon is not very soluble in that melt, and the carbon gets
buried in the mantle as a result.
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"What is neat is that with the onset and the expected tempo of crustal
burial into the deep mantle starting just prior to the GOE, and with our
experimental data on the efficiency of deep burial of reduced carbon, we
could model the expected rise of atmospheric oxygen across the GOE,"
Dasgupta said.

The research supports the findings of a 2016 paper by fellow Rice
petrologist Cin-Ty Lee and colleagues that suggested that plate tectonics,
continent formation and the appearance of early life were key factors in
the development of an oxygen-rich atmosphere on Earth.

Duncan, who increasingly focuses on exoplanetary systems, said the
research could provide important clues about what scientists should look
for when evaluating which exoplanets could support life.

More information: Global aquifers dominated by fossil groundwaters
but wells vulnerable to modern contamination, Nature Geoscience (2017).
nature.com/articles/doi:10.1038/nge02943
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