
 

Primordial oceans had oxygen 250 million
years before the atmosphere
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Research by a University of Minnesota Duluth (UMD) graduate student
Mojtaba Fakhraee and Associate Professor Sergei Katsev has pushed a
major milestone in the evolution of the Earth's environment back by
about 250 million years. While oxygen is believed to have first
accumulated in the Earth atmosphere around 2.45 billion years ago, new
research shows that oceans contained plentiful oxygen long before that
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time, providing energy-rich habitat for early life. The results of the two
UMD scientists and their co-author Sean Crowe from the University of
British Columbia have been published in the peer-reviewed journal 
Science Advances.

"When tiny bacteria in the ocean began producing oxygen, it was a
major turning point and changed the chemistry of the earth," explained
Katsev. "Our work pinpoints the time when the ocean began
accumulating oxygen at levels that would substantially change the
ocean's chemistry and it's about 250 million years earlier than what we
knew for the atmosphere. That is about the length of time from the first
appearance of dinosaurs till today."

The results are important, according to the authors, because they deepen
our understanding of conditions on Earth when all life consisted of single-
cell microbes and their metabolisms that we know today were only just
emerging.

"This helps us theorize not only about early life on Earth but also about
the signatures of life that we might find on other planets," said Fakhraee.

The study conclusions are the result of creating a detailed computer
model of chemical reactions that took place in the ocean's sediments.
Researchers focused on the cycle of sulfur and simulated the patterns in
which three different isotopes of sulfur could combine in ancient
sedimentary rocks. By comparing the model results to a large amount of
data from ancient rocks and seawater, they were able to determine how
sulfur and oxygen levels were linked and constrained the concentrations
of oxygen and sulfate in ancient seawater.

"We're trying to reconstruct the functioning of early life and early
environments," said Katsev. "No one was really looking at how the
isotopic signals that were being generated in the atmosphere and the
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ocean were being transformed in the sediment. But all that we can
observe now is what has been preserved as rocks, and the isotopic
patterns could have been modified in the process."

Much of this research builds on the past work of the team members, and
the modeling results help put together some of the observations that
seemed contradictory. "We've resolved some puzzles in the historical
timeline and contradictions that existed in the sulfur isotope records,"
said Fakhraee.

  More information: Mojtaba Fakhraee et al, Sedimentary sulfur
isotopes and Neoarchean ocean oxygenation, Science Advances (2018). 
DOI: 10.1126/sciadv.1701835
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