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Scientists make new estimates of the deep
carbon cycle

June 19 2015, by Katie Pratt And Stuart Wolpert

Over billions of years, the total carbon content of the outer part of the
Earth—in its upper mantle, crust, oceans, and atmospheres—has
gradually increased, scientists reported this month in the journal
Proceedings of the National Academy of Sciences.

Craig Manning, a professor of geology and geochemistry at UCLA, and
Peter Kelemen, a geochemistry professor at Columbia University,
present new analyses that represent an important advance in refining our
understanding of Earth's deep carbon cycle.

Manning and Kelemen studied how carbon, the chemical basis of all
known life, behaves in a variety of tectonic settings. They assessed,
among other factors, how much carbon is added to Earth's crust and how
much carbon is released into the atmosphere. The new model combines
measurements, predictions and calculations.

Their research includes analysis of existing data on samples taken at sites
around the world as well as new data from Oman.

The carbon "budget" near the Earth's surface exerts important controls
on global climate change and our energy resources, and has important
implications for the origin and evolution of life, Manning said. Yet much
more carbon is stored in the deep Earth. The surface carbon that is so
important to us is made available chiefly by volcanic processes
originating deep in the planet's interior.
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Today carbon can return to Earth's deep interior only by
subduction—the geologic process by which one tectonic plate moves
under another tectonic plate and sinks into the Earth's mantle. Previous
research suggested that roughly half of the carbon stored in subducted
oceanic mantle, crust and sediments makes it into the deep mantle.
Kelemen and Manning's new analysis suggests instead that subduction
may return almost no carbon to the mantle, and that "exchange between
the deep interior and surface reservoirs is in balance."

Some carbon must make it past subduction zones. Diamonds form in the
mantle both from carbon that has never traveled to Earth's surface,
known as primordial carbon, and from carbon that has cycled from the
mantle to the surface and back again, known as recycled carbon.
Manning and Kelemen corroborated their findings with a calculation
based on the characteristics of diamonds, which form from carbon in the
earth's mantle.

Deep carbon is important because the carbon at the Earth's surface, on
which we depend, "exists only by permission of the deep Earth,"
Manning said, quoting a friend. At times in the Earth's history, the planet
has been warmer (in the Cretaceous period, for example), and shallow
seas covered North America. The new research sheds light on the Earth's
climate over geologic time scales.

More information: "Reevaluating carbon fluxes in subduction zones,
what goes down, mostly comes up" PNAS 2015 ; published ahead of
print June 5, 2015, DOI: 10.1073/pnas.1507889112
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