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Volcanoes acted as a safety valve for Earth’s long-term
climate

August 23, 2021

University of Southampton

Scientists have discovered that extensive chains of volcanoes have been responsible
for both emitting and then removing atmospheric carbon dioxide over geological time.
This stabilized temperatures at Earth's surface.
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FULL STORY

Scientists at the University of Southampton have dis‐
covered that extensive chains of volcanoes have
been responsible for both emitting and then removing
atmospheric carbon dioxide (CO ) over geological
time. This stabilised temperatures at Earth's surface.

The researchers, working with colleagues at the University of Syd‐
ney, Australian National University (ANU), University of Ottawa
and University of Leeds, explored the combined impact of pro‐
cesses in the solid Earth, oceans and atmosphere over the past
400 million years. Their findings are published in the journal Na‐
ture Geoscience.

Natural break-down and dissolution of rocks at Earth's surface is
called chemical weathering. It is critically important because the
products of weathering (elements like calcium and magnesium)
are flushed via rivers to the oceans, where they form minerals that
lock up CO . This feedback mechanism regulates atmospheric
CO  levels, and in turn global climate, over geological time.

"In this respect, weathering of the Earth's surface serves as a ge‐
ological thermostat," says lead author Dr Tom Gernon, Associate
Professor in Earth Science at the University of Southampton, and
a Fellow of the Turing Institute. "But the underlying controls have
proven difficult to determine due to the complexity of the Earth
system."

"Many Earth processes are interlinked, and there are some major
time lags between processes and their effects," explains Eelco
Rohling, Professor in Ocean and Climate Change at ANU and co-
author of the study. "Understanding the relative influence of spe‐
cific processes within the Earth system response has therefore
been an intractable problem."

To unravel the complexity, the team constructed a novel "Earth
network," incorporating machine-learning algorithms and plate
tectonic reconstructions. This enabled them to identify the domi‐
nant interactions within the Earth system, and how they evolved
through time.

The team found that continental volcanic arcs were the most im‐
portant driver of weathering intensity over the past 400 million
years. Today, continental arcs comprise chains of volcanoes in,
for example, the Andes in South America, and the Cascades in
the US. These volcanoes are some of the highest and fastest
eroding features on Earth. Because the volcanic rocks are frag‐
mented and chemically reactive, they are rapidly weathered and
flushed into the oceans.

Martin Palmer, Professor of Geochemistry at the University of
Southampton and co-author of the study, said: "It's a balancing
act. On one hand, these volcanoes pumped out large amounts of
CO  that increased atmospheric CO  levels. On the other hand,
these same volcanoes helped remove that carbon via rapid
weathering reactions."

The study casts doubt on a long-held concept that Earth's climate
stability over tens to hundreds of millions of years reflects a bal‐
ance between weathering of the seafloor and continental interiors.
"The idea of such a geological tug of war between the landmass‐
es and the seafloor as a dominant driver of Earth surface weather‐
ing is not supported by the data," Dr Gernon states.

"Unfortunately, the results do not mean that nature will save us
from climate change," stresses Dr Gernon. "Today, atmospheric
CO  levels are higher than at any time in the past 3 million years,
and human-driven emissions are about 150 times larger than vol‐
canic CO  emissions. The continental arcs that appear to have
saved the planet in the deep past are simply not present at the
scale needed to help counteract present-day CO  emissions."

But the team's findings still provide critical insights into how soci‐
ety might manage the current climate crisis. Artificially enhanced
rock weathering -- where rocks are pulverised and spread across
land to speed up chemical reaction rates -- could play a key role
in safely removing CO  from the atmosphere. The team's findings
suggest that such schemes may be deployed optimally by using
calc-alkaline volcanic materials (those containing calcium, potas‐
sium and sodium), like those found in continental arc
environments.

"This is by no means a silver bullet solution to the climate crisis --
we urgently need to reduce CO  emissions in line with IPCC miti‐
gation pathways, full stop. Our assessment of weathering feed‐
backs over long timescales may help in designing and evaluating
large-scale enhanced weathering schemes, which is just one of
the steps needed to counteract global climate change," Dr Ger‐
non concludes.
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Lessons from a Cooling Climate
Sep. 29, 2020 — Usually, talk of carbon sequestration focuses on plants: forests storing carbon in the
trunks of massive trees, algae blooming and sinking to the seabed, or perhaps peatlands locking car‐
bon away for ...

Major Deep Carbon Sink Linked to Microbes Found Near Volcano Chains
Apr. 24, 2019 — Up to about 19% more carbon dioxide than previously believed is removed naturally
and stored underground between coastal trenches and inland chains of volcanoes, keeping the
greenhouse gas from ...

Captured Carbon Dioxide Converts Into Oxalic Acid to Process Rare Earth Elements
Feb. 22, 2019 — Removing carbon dioxide from power plant emissions is a good idea to start with --
and it may have an extra economic benefit. Engineers are presenting results on turning carbon diox‐
ide into oxalic ...

Huge Carbon Sink in Soil Minerals: New Avenue for Offsetting Rising Greenhouse Gases
Nov. 8, 2017 — Soil holds more than three times the carbon found in the atmosphere, yet its potential
in reducing atmospheric carbon-dioxide levels and mitigating global warming is barely understood. A
researcher ...
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