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Study opens possibility of more dynamic
biological oxygen cycle on early Earth than
previously supposed
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This photo shows researchers doing field sampling of a pyrite-rich black shale
outcrop in China. The weathering of such sediments, which contain sulfur
originally buried from the ocean, transfers sulfur isotope signals to the ocean to
be buried again in marine sediments. Credit: Chu Research Group, Institute of
Geology and Geophysics, Chinese Academy of Sciences.
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A research team of biogeochemists at the University of California,
Riverside has provided a new view on the relationship between the
earliest accumulation of oxygen in the atmosphere, arguably the most
important biological event in Earth history, and its relationship to the
sulfur cycle.

A general consensus exists that appreciable oxygen first accumulated in
Earth's atmosphere around 2.4 to 2.3 billion years ago. Though this
paradigm is built upon a wide range of geological and geochemical
observations, the famous "smoking gun" for what has come to be known
as the "Great Oxidation Event" (GOE) comes from the disappearance of
anomalous fractionations in rare sulfur isotopes.

"These isotope fractionations, often referred to as 'mass-independent
fractionations,' or 'MIF' signals, require both the destruction of sulfur
dioxide by ultraviolet energy from the sun in an atmosphere without
ozone and very low atmospheric oxygen levels in order to be transported
and deposited in marine sediments," said Christopher T. Reinhard, the
lead author of the research paper and a former UC Riverside graduate
student. "As a result, their presence in ancient rocks is interpreted to
reflect vanishingly low atmospheric oxygen levels continuously for the
first ~2 billion years of Earth's history."

However, diverse types of data are emerging that point to the presence
of atmospheric oxygen, and, by inference, the early emergence of
oxygenic photosynthesis hundreds of millions of years before these MIF
signals disappear from the rock record. These observations motivated
Reinhard and colleagues to explore the possible conditions under which
inherited MIF signatures may have persisted in the rock record long
after oxygen accumulated in the atmosphere.

Using a simple quantitative model describing how sulfur and its isotopes
cycle through the Earth's crust, the researchers discovered that under
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certain conditions these MIF signatures can persist within the ocean and
marine sediments long after O, increases in the atmosphere. Simply put,
the weathering of rocks on the continents can transfer the MIF signal to
the oceans and their sediments long after production of this fingerprint
has ceased in an oxygenated atmosphere.

"This lag would blur our ability to date the timing of the GOE and would
allow for dynamic rising and falling oxygen levels during a protracted
transition from an atmosphere without oxygen to one rich in this life-
giving gas," Reinhard said.

This photo shows pyrite-rich black shale containing MIF isotope signals, which
could be later weathered at Earth's surface and transferred to the ocean. Credit:
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Arizona State University

Study results appear in Nature's advanced online publication on April 24.

Reinhard explained that once MIF signals formed in an oxygen-poor
atmosphere are captured in pyrite and other minerals in sedimentary
rocks, they are recycled when those rocks are later uplifted as mountain
ranges and the pyrite is oxidized.

"Under certain conditions, this will create a sort of 'memory effect' of
these MIF signatures, providing a decoupling in time between the burial
of MIF in sediments and oxygen accumulation at Earth's surface," he
said.

According to the researchers, the key here is burying a distinct MIF
signal in deep sea sediments, which are then subducted and removed
from Earth's surface.

"This would create a complementary signal in minerals that are
weathered and delivered to the oceans, something that we actually see
evidence of in the rock record," said Noah Planavsky, the second author
of the research paper and a former UC Riverside graduate student now
at Caltech. "This signal can then be perpetuated through time without the
need to generate it within the atmosphere contemporaneously."

Reinhard, now a postdoctoral fellow at Caltech and soon to be an
assistant professor at Georgia Institute of Technology, explained that
although the researchers' new model provides a plausible mechanism for
reconciling recent conflicting data, this can only occur when certain key
conditions are met—and these conditions are likely to have changed
through time during Earth's long early history.
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"There is obviously much further work to do, but we hope that our
model is one step toward a more integrated view of how Earth's crust,
mantle and atmosphere interact in the global sulfur cycle," he said.

Timothy W. Lyons, a professor of biogeochemistry at UCR and the
principal investigator of the research project noted that this is a
fundamentally new and potentially very important way of looking at the
sulfur isotope record and its relationship to biospheric oxygenation.

"The message is that sulfur isotope records, when viewed through the
filter of sedimentary recycling, may challenge efforts to precisely date
the GOE and its relationship to early life, while opening the door to the
wonderful unknowns we should expect and embrace," he said.
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