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Deep sea carbon reservoirs once superheated
the Earth—could it happen again?

May 9 2019, by Lowell D. Stott
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Droplets rising from the Champagne vent on the ocean floor in the Mariana
Islands. Fluids venting from the site contain dissolved carbon dioxide. Credit:
NOAA Ocean Explorer

As concern grows over human-induced climate change, many scientists
are looking back through Earth's history to events that can shed light on
changes occurring today. Analyzing how the planet's climate system has
changed in the past improves our understanding of how it may behave in
the future.
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https://oceanexplorer.noaa.gov/explorations/04fire/logs/april10/media/bubbles.html
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It is now clear from these studies that abrupt warming events are built
into Earth's climate system. They have occurred when disturbances in
carbon storage at Earth's surface released greenhouse gases into the
atmosphere. One of the grand challenges for climate scientists like me is
to determine where these releases came from before humans were
present, and what triggered them. Importantly, we want to know if such

an event could happen again.

In a recently published study, my colleagues Katie Harazin, Nadine
Krupinski and I discovered that at the end of the last glacial era, about
20,000 years ago, carbon dioxide was released into the ocean from
geologic reservoirs located on the seafloor when the oceans began to
warm.

This finding is a potential game-changer. Naturally occurring reservoirs
of carbon in the modern ocean could be disturbed again, with potentially
serious effects to Earth's oceans and climate.

The past is prologue

One of the best-known examples of a rapid warming caused by release
of geologic carbon is the Paleocene-Eocene Thermal Maximum, or
PETM, a major global warming event that occured about 55 million
years ago. During the PETM, the Earth warmed by 9 to 16 degrees
Fahrenheit (5 to 9 degrees Celsius) within about 10,000 years.
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https://www.britannica.com/science/climate-change/Abrupt-climate-changes-in-Earth-history
https://www.britannica.com/science/climate-change/Abrupt-climate-changes-in-Earth-history
https://phys.org/tags/carbon+storage/
https://scholar.google.com/citations?user=0-0jvDwAAAAJ&hl=en
http://rses.anu.edu.au/people/katie-harazin
https://portal.research.lu.se/portal/en/persons/nadine-b-quintana-krupinski(3cc6c619-0e19-492f-b33b-94ca161bebf7).html
https://portal.research.lu.se/portal/en/persons/nadine-b-quintana-krupinski(3cc6c619-0e19-492f-b33b-94ca161bebf7).html
https://phys.org/tags/carbon+dioxide/
https://doi.org/10.1088/1748-9326/aafe28
https://doi.org/10.1088/1748-9326/aafe28
https://phys.org/tags/ocean/
https://phys.org/tags/climate/
https://doi.org/10.1038/353225a0
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Earth has cycled between ice ages (low points) and warm interglacial periods
over the past 800,000 years. But current climatic warming is occurring much
faster than past warming events. Credit: NASA

Climate scientists now consider the PETM to be an analog for
environmental changes taking place today. The PETM happened over a
longer period and without human involvement, but it shows that there 1s
inherent instability in the climate system if carbon from geologic
reservoirs is released rapidly.

Scientists also know that atmospheric carbon dioxide levels rose rapidly
at the end of each of the late Pleistocene ice ages, helping to warm the
climate. During the most recent warming episode, 17,000 years ago, the
Earth warmed by 9 to 13 degrees Fahrenheit (5 to 7 degrees Celsius).

However, hundreds of scientific studies have failed to establish what
caused the rapid carbon dioxide increases that ended each ice age.
Researchers agree that the ocean must be involved because it acts as a
large carbon capacitor, regulating the amount of carbon that resides in
the atmosphere. But they are still searching for clues to understand what
influences the amount of carbon in the ocean during abrupt climate

3/10


https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
https://doi.org/10.1038/ngeo2681
https://doi.org/10.1038/ngeo2681
https://phys.org/tags/climate+system/
https://commons.wikimedia.org/wiki/File:Atmospheric_CO2_with_glaciers_cycles.png
https://interactiveoceans.washington.edu/story/Carbon_Cycle
https://interactiveoceans.washington.edu/story/Carbon_Cycle
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changes.
Lakes on the ocean floor

Over the past two decades, ocean scientists have discovered that there
are reservoirs of liquid and solid carbon dioxide accumulating at the
bottom of the ocean, within the rocks and sediments on the margins of
active hydrothermal vents. At these sites, volcanic magma from within
the Earth meets superheated water, producing plumes of carbon dioxide-
rich fluids that filter through crevices in the Earth's crust, migrating
upward towards the surface.

When a plume of this fluid meets cold seawater, the carbon dioxide can
solidify into a form called hydrate. The hydrate forms a cap that traps
carbon dioxide within the rocks and sediments and keeps it from
entering the ocean. But at temperatures above roughly 48 degrees
Fahrenheit (9 degrees Celsius), hydrate will melt, releasing buoyant
liquid or gaseous carbon dioxide directly into the overlying water.

Scientists have thus far documented reservoirs of liquid and hydrate
carbon dioxide in the western Pacific near Taiwan and in the Aegean Sea
. In shallower waters, where ocean temperatures are warmer and pressure
is lower, researchers have observed pure carbon dioxide emanating
directly from sediments as a gas and rising to the ocean's surface.
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https://oceanservice.noaa.gov/facts/vents.html
https://www.whoi.edu/news-release/co2-pools
https://phys.org/news/2018-02-carbon-dioxide-leakage-seabed.html
https://phys.org/news/2018-02-carbon-dioxide-leakage-seabed.html
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Ambitle Island,
Papua New Guinea

Nearly pure carbon dioxide bubbles rise from sediments that blanket an active
hydrothermal system in the western tropical Pacific. Credit: Photos by Roy
Price, courtesy of Jan Amend, CC BY-ND

A climate wild card

These discoveries are changing scientists' understanding of the marine
carbon system. Climate scientists have not included deep sea carbon
reservoirs in current models that explore the potential impacts of future
warming, because little is known about the size and distribution of these
carbon sources.

In fact, there is virtually no data that documents how much carbon
dioxide is currently being released from these reservoirs into the ocean.
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https://iopscience.iop.org/article/10.1088/1748-9326/aafe28
https://iopscience.iop.org/article/10.1088/1748-9326/aafe28
http://creativecommons.org/licenses/by-nd/4.0/
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This makes the geologic history critically important: It confirms that
these types of reservoirs have the capacity to release vast amounts of
carbon when they are disturbed.

Analogous carbon reservoirs have also been identified in terrestrial
environments. In 1979, Indonesia's Dieng volcano suffocated 142 people
when it released nearly pure carbon dioxide. In 1986, a carbon dioxide
reservoir at the bottom of Lake Nyos in Cameroon erupted, killing 1,700
local villagers and hundreds of animals.
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https://doi.org/10.1016/0377-0273(89)90058-9
http://volcano.oregonstate.edu/silent-deadly




PHYS 19X

Cow suffocated by carbon dioxide in the 1986 Lake Nyos eruption. Credit:
USGS/Jack Lockwood

Carbon dioxide is also venting around Mammoth Mountain, California,
at spots where magma rises through Earth's crust and stalls at shallow
depths. High concentrations of carbon dioxide in the soil have killed
more than 100 acres of trees. Scientists are working to identify and
characterize other sites on land where such releases could occur.

It is much more challenging to quantify the carbon dioxide stored in
ocean reservoirs. Vast regions of the seafloor contain sites of active
volcanism and hydrothermal venting, but scientists know virtually
nothing about how much carbon dioxide is accumulating in surrounding
rocks and sediments. In my view, there is an urgent need to study marine
settings where carbon dioxide is likely accumulating, and then to assess
how susceptible they may be to destabilization.

Warming oceans, increasing risk

This is not an endeavor that should be deferred. Earth's oceans are
warming rapidly, and climate models project that they will warm fastest
near the poles, where deep currents form that carry warming waters
downward from the surface.
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https://en.wikipedia.org/wiki/Lake_Nyos_disaster#/media/File:Cow_killed_by_Lake_Nyos_gasses.jpg
https://volcanoes.usgs.gov/volcanoes/long_valley/field_guides_horseshoe_lake.html
https://volcanoes.usgs.gov/volcanoes/long_valley/field_guides_horseshoe_lake.html
https://www.smithsonianmag.com/science-nature/defusing-africas-killer-lakes-88765263/
https://oceanservice.noaa.gov/facts/conveyor.html
https://oceanservice.noaa.gov/facts/conveyor.html
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Adapted from a map by Laura Margueritte

A very large, slow current called the thermohaline circulation carries warm water

to Earth’s polar regions, where it cools and sinks to the deep oceans. Credit:
Maphoto/Riccardo Pravettoni via GRID-Arendal, CC BY-ND

As these warm waters sink into the ocean's interior, they transport excess
heat towards sites where carbon dioxide reservoirs can form. Those
warmer waters will eventually destabilize the hydrate seals that keep
liquid carbon dioxide trapped.

One such reservoir occurs in the western Pacific west of the Okinawa
Trough in the East China Sea. The temperature of the bottom waters at
this location is 37 to 39 degrees Fahrenheit (3 to 4 degrees Celsius),
which means the hydrate cap is within about 4-5 degrees Celsius of its
melting point.
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http://www.grida.no/resources/6918
http://creativecommons.org/licenses/by-nd/4.0/
https://en.wikipedia.org/wiki/Okinawa_Trough
https://en.wikipedia.org/wiki/Okinawa_Trough
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Importantly, warm hydrothermal fluids are rising from below the carbon
dioxide reservoir toward the surface. As the oceans continue to warm,
the temperature difference between cold ocean waters and warmer
hydrothermal fluids will decrease. This will cause the hydrate to thin,
potentially to a point where it will no longer keep liquid carbon dioxide
from escaping.

To date there has been no research to assess whether these ocean carbon
dioxide reservoirs are vulnerable to rising ocean temperatures. But
Earth's pre-historic record clearly demonstrates that geologic reservoirs
can be destabilized — and that when they are, it leads to rapid increases in
atmospheric carbon dioxide and global warming. In my view, this
represents an important unknown risk that cannot be ignored.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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