
 

A theory to explain why helium-3 is leaking
from Earth's core
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Two-phase simulation of He partitioning at core-mantle boundary conditions. (a)
A snapshot at 47520 fs of two-phase coexistence simulations of Mg64O64He4
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solid and Fe96He4 liquid at 4000 K and ~135 GPa. (b) The corresponding
instantaneous coarse-grained density profile (blue dots) along the z-axis of the
simulation box and the best fitting curve using Eq. 2. The two dashed lines (z0
and z1 in Eq. 2) are the locations of Gibbs dividing surfaces. The red shaded
regions are interfaces. Credit: Nature Geoscience (2023). DOI:
10.1038/s41561-023-01182-7

Two geoscientists, one with Princeton University, the other with
Guangzhou Institute of Geochemistry, have developed a theory to
explain how helium-3 leaks from the Earth's core into the mantle. In
their study, reported in the journal Nature Geoscience, Jie Deng and
Zhixue Du used first-principle calculations to show that helium-3 could
enter magnesium oxide at the core-mantle boundary, allowing its entry
into the mantle.

Helium-3, a helium isotope with one neutron in its nucleus instead of the
more common two, is extremely rare on Earth's surface, but recent
research has shown that it can be found in volcanic rock formations on
the ocean floor. The finding suggests that some process allows helium-3
to seep from the core into the mantle. Scientists would like to obtain
more helium-3 because it has proven useful in fusion reactors as a source
of fuel.

Prior research has suggested that there is a large amount of helium-3
locked in Earth's core—planetary scientists believe it got there during
the formation of the planet. Helium-3 was a constituent of the dust and
gases that coalesced approximately 4.5 billion years ago. And because of
its nature, it became locked into the core. But some process has been
allowing some of it to escape into the mantle, and now, Deng and Du
believe they may have figured out why.
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Prior research has shown that when helium-3 comes into contact with 
magnesium oxide, it exsolves, which means it is changed from an initial
homogenous mineral into one that has crystalline phases. As part of the
process, the helium is physically moved to the location of the magnesium
oxide.

The researchers mathematically demonstrated that helium-3 could have
been pulled from the core through interactions with magnesium oxide
shortly after the planet formed, continuing right up to the present. Their
math shows that over the lifetime of the planet, as helium-3 was
exsolved, it could have slowly made its way to parts of the mantle, where
it may have risen to the surface through volcanic activity.

  More information: Jie Deng et al, Primordial helium extracted from
the Earth's core through magnesium oxide exsolution, Nature Geoscience
(2023). DOI: 10.1038/s41561-023-01182-7
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