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Percolation Explains How Earth’s Iron Core Formed
The formation of Earth’s metallic core, which makes up a third of our planet’s mass,
represents the most significant differentiation event in Earth’s history. Earth’s present
layered structure with a metallic core and an overlying silicate mantle would have required
mechanisms to separate iron alloy from a silicate phase. Percolation of liquid iron alloy
moving through a solid silicate matrix (much as water percolates through porous rock, or
even coffee grinds) has been proposed as a possible model for core formation (Figure 1).
Many previous experimental results have ruled out percolation as a major core formation
mechanism for Earth at the relatively lower pressure conditions in the upper mantle, but
until now experimental results at lower mantle conditions were not possible due to the
ultrahigh pressures and temperatures required and the difficulty in analyzing the samples.
Scientists from Stanford University (C. Shi
and W. L. Mao), the Center for High
Pressure Science and Technology Advanced
Research (Shanghai, China) and Carnegie
Institute of Washington (Li Zhang, Wenge
Yang, Junyue Wang), in close collaboration
with SSRL (Y. Liu and J.C. Andrews),
designed an experiment to study what
happens to molten iron in silicates, at
conditions mimicking those in Earth’s lower
mantle. A laser-heated diamond anvil cell
was used to create the immense pressures
(up to 64 GPa, or 640 thousand times
atmospheric
pressure),
and
high
temperatures (up to 3,300 K).
The researchers studied the laser-heated,
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observed for the first time and with
unprecedented spatial resolution a change
in the three-dimensional iron melt distribution as pressure increased, from isolated droplets
at 25 GPa to an interconnected network at 64 GPa (Figure 2). These results provide
evidence that percolation through such an interconnected network would be an efficient
mechanism at Earth’s lower mantle conditions.
These findings have significant implications for the evolution of the planet, Earth’s early
thermal history, and the large-scale geochemical distribution of elements. As Earth began to
form and solidify and its internal pressure reached a critical value (above 50 GPa),
percolation could become a dominant process. Thus, core formation in our planet may not
be a single-stage process and could rather have occurred as a series of steps under evolving
conditions. At lower pressure conditions, formation of a magma ocean may be the likely
differentiation mechanism. Liquid metal would separate rapidly from liquid silicates and
accumulate as a ponded layer at the base of the magma ocean. At much higher pressures,
solid silicates could form an interconnected network allowing the molten iron to percolate
through it and trickle down into Earth’s core.

Figure 2. 3D renderings of the interconnected network iron alloy melt prepared at high
pressure (64 GPa) and temperature (3,300 K). a,b, The channel in a has been confirmed to be
iron-rich material by element-sensitive nanoscale tomographic imaging; the channels labeled in blue
in b are contiguous, as determined by using a 3D flood-fill algorithm. c, The channel line set
extracted from the reconstructed 3D volume; the color map represents the relative thickness of the
channel, with warmer colors indicating thicker channels.
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