
 

Geologist's discoveries resolve debate about
oxygen in Earth's mantle
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While there continues to be considerable debate among geologists about
the availability of oxygen in the Earth's mantle, recent discoveries by a
University of Rhode Island scientist are bringing resolution to the
question.

Analysis of erupted rock from Agrigan volcano in the western Pacific
near Guam found it to be highly oxidized as a result of its exposure to 
oxygen when it formed in the Earth's mantle. When, over millions of
years, seafloor rocks are transported back into the Earth's mantle at
subduction zones – sites on the seafloor where tectonic plates have
collided, forcing one plate beneath the other – they deliver more oxygen
into the mantle.

The results of the research was presented today at a meeting of the
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American Geophysical Union in San Francisco.

"The cycling of oxygen at the Earth's surface is central to the life and
activity that takes place at the surface, but it is equally essential in the
Earth's mantle," said URI Assistant Professor Katherine Kelley. "The
availability of oxygen to the mantle is in part controlled by the oxygen at
the surface."

Kelley said that this discovery is important because the availability of
oxygen to the mantle controls what minerals are found there, how certain
elements behave, and what kind of gasses might be expelled from
volcanoes.

"The most primitive samples of lava we can identify are the most
oxidized," she said. "That oxidation comes off the subducted plate at
depth in the mantle and makes its way into volcanic magma sources that
then erupt."

According to Kelley, some scientists have argued that the availability of
oxygen to the mantle hasn't changed since the Earth was formed.
However, if plate tectonics carry this oxidized material into the mantle,
as she has demonstrated, then it is adding oxygen to the mantle. It also
suggests that what takes place at the surface of the Earth probably
influences what happens deep beneath the surface as well.

At Brookhaven National Laboratory, Kelley analyzed tiny olivine
crystals that contain naturally formed glass from the early histories of
magmas, in which are found dissolved gases from volcanic eruptions. By
analyzing the glass she determined the oxidation state of iron in rocks
and related it to the dissolved gases, which are elevated in subduction
zone magmas.

This work follows a related study by Kelley that found that material
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from subduction zones are more oxidized than material from mid-ocean
ridges where the plates are pulling apart. That study was published in the
journal Science in 2009.

"These are important processes to understand, but they are hard to get a
clear picture of because they take place over such long periods of time,"
Kelley said. "It's one piece of the big puzzle of Earth's evolution and how
it continues to change."
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