
 

There may be up to 70 times more hydrogen
in Earth's core than in the oceans
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Diamond anvil. The outer metal casing and inner diamond teeth of the high-
pressure anvil. Credit: Hirose et al.

High-temperature and high-pressure experiments involving a diamond
anvil and chemicals to simulate the core of the young Earth demonstrate
for the first time that hydrogen can bond strongly with iron in extreme
conditions. This explains the presence of significant amounts of

1/5



 

hydrogen in the Earth's core that arrived as water from bombardments
billions of years ago.

Given the extreme depths, temperatures and pressures involved, we are
not physically able to probe very far into the earth directly. So, in order
to peer deep inside the Earth, researchers use techniques involving 
seismic data to ascertain things like composition and density of
subterranean material. Something that has stood out for as long as these
kinds of measurements have been taking place is that the core is
primarily made of iron, but its density, in particular that of the liquid
part, is lower than expected.

This led researchers to believe there must be an abundance of light
elements alongside the iron. For the first time, researchers have
examined the behavior of water in laboratory experiments involving
metallic iron and silicate compounds that accurately simulate the metal-
silicate (core-mantle) reactions during Earth's formation. They found
that when water meets iron, the majority of the hydrogen dissolves into
the metal while the oxygen reacts with iron and goes into the silicate
materials.

"At the temperatures and pressures we are used to on the surface,
hydrogen does not bond with iron, but we wondered if it were possible
under more extreme conditions," said Shoh Tagawa, a Ph.D. student at
the Department of Earth and Planetary Science at the University of
Tokyo during the study. "Such extreme temperatures and pressures are
not easy to reproduce, and the best way to achieve them in the lab was to
use an anvil made of diamond. This can impart pressures of 30–60
gigapascals in temperatures of 3,100–4,600 kelvin. This is a good
simulation of the Earth's core formation."
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https://phys.org/tags/earth/
https://phys.org/tags/seismic+data/
https://phys.org/tags/core/
https://phys.org/tags/extreme+conditions/


 

  

Isotope imaging lab at Hokkaido University. The research was a collaboration
between institutions, including Hokkaido University. Credit: Hisayoshi Yurimoto

The team, under Professor Kei Hirose, used metal and water-bearing
silicate analogous to those found in the Earth's core and mantle,
respectively, and compressed them in the diamond anvil whilst
simultaneously heating the sample with a laser. To see what was going on
in the sample, they used high-resolution imaging involving a technique
called secondary ion mass spectroscopy. This allowed them to confirm
their hypothesis that hydrogen bonds with iron, which explains the
apparent lack of ocean water. Hydrogen is said to be iron-loving, or
siderophile.
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https://phys.org/tags/hydrogen+bonds/
https://phys.org/tags/iron/


 

 

  

Sample from high-pressure experiment. High-resolution chemical analyses with
secondary ion mass spectroscopy showed the abundance of water left in silicate
melt after compressing with liquid iron metal. Credit: Tagawa et al.

"This finding allows us to explore something that affects us in quite a
profound way," said Hirose. "That hydrogen is siderophile under high
pressure tells us that much of the water that came to Earth in mass
bombardments during its formation might be in the core as hydrogen
today. We estimate there might be as much as 70 oceans' worth of 
hydrogen locked away down there. Had this remained on the surface as 
water, the Earth may never have known land, and life as we know it
would never have evolved."

  More information: Shoh Tagawa et al. Experimental evidence for
hydrogen incorporation into Earth's core, Nature Communications
(2021). DOI: 10.1038/s41467-021-22035-0
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https://phys.org/tags/hydrogen/
https://phys.org/tags/water/
http://dx.doi.org/10.1038/s41467-021-22035-0


 

Citation: There may be up to 70 times more hydrogen in Earth's core than in the oceans (2021,
May 12) retrieved 27 April 2024 from https://phys.org/news/2021-05-hydrogen-earth-core-
oceans.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://phys.org/news/2021-05-hydrogen-earth-core-oceans.html
https://phys.org/news/2021-05-hydrogen-earth-core-oceans.html
http://www.tcpdf.org

