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Iron might seem quite an unremarkable element, 
though it is integral to our homes, our infrastructure 
and human life itself. The only time we give it 

much notice is when it oxidises and becomes a rusty 
inconvenience. Rust is perhaps the best-known iron 
oxide, forming through the reaction of metallic iron, 
oxygen and water to yield a hydrated form of iron(iii) 
oxide, approximately Fe2O3

3/2 H2O(s).
Given its relative absence of both water and oxygen, 

the Moon was thought to be spared from the nuisance 
that is rust. But then researchers took a closer look.

Spectral surprise
The surface of the Moon is littered with iron-rich rocks. 
Conditions on the lunar surface and in the interior 
were traditionally thought to be highly reducing. A 
thin atmosphere traps little oxygen and allows solar 
winds, mostly composed of charged hydrogen, to 
batter the dull, grey landscape. Any exposed iron(iii) 
compounds (ferric iron, Fe3+) would be expected to 
be reduced to the lower valence iron(ii) (ferrous, Fe2+) 
form or even metallic iron. Samples brought back 
from the Moon by the Apollo missions confirmed this, 
with less than 1 weight percent (wt %) being iron(iii). 
Some argued that even this tiny amount was due to 
terrestrial contamination, given the conditions at the 
lunar surface.

The rusting 
Moon
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So imagine researchers’ surprise when iron(iii) 
oxides were discovered through spectral analysis. Data 
from India’s Chandrayaan-1 Moon Mineralogy Mapper 
(M3) revealed that the Moon’s poles had a different 
composition to the rest of our celestial neighbour. 
They zoomed in and found a close spectral match 
to haematite (Fe2O3), something once believed to be 
impossible. Yet there it was. But how?

A tail with a tale
The presence of haematite was thought to be the result 
of three factors. First, while the Moon lacks a significant 
atmosphere, trace amounts of oxygen do exist, and it 
originates here on Earth. The Earth’s magnetosphere, 
an area of space around our planet controlled by its 
magnetic field, is shaped by solar winds. The sunward 
side extends only around six to 10 times the radius of 
Earth, but the night side could be up to 1,000 times 
the radius (the exact size is unknown).

In 2007, Japan’s Kaguya orbiter discovered that this 
so-called magnetotail could carry oxygen the 239,000 
miles from Earth to the Moon. That fits with what the 
data from M3 show: more haematite is found on the 
Moon’s Earth-facing side than the other (the so-called 
‘dark side’), which we can never see from Earth.

Even so, hydrogen delivered by the solar wind 
should really prevent any oxidation from occurring, 

Research analyst Joseph Lloyd looks at how the Earth is turning the Moon to rust…
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Questions
1 In the corrosion process, iron metal acts as the 

anode in a galvanic cell and is oxidised to Fe2+. 
Outline the half reactions (those occurring at the 
anode and cathode) and combine these to give 
the overall reaction. 

2 The Fe2+ ions produced are then free to migrate 
elsewhere where they are eventually oxidised 
by atmospheric oxygen. Give the equation for 
the formation of rust (note that the approximate 
formula for rust is already given in this article).

Answers
1 Cathode: O2(g) + 4H+(aq) + 4e– → 2H2O(l), 

anode: Fe(s) → Fe2+(aq) + 2e–, overall: 2Fe(s) + 
O2(g) + 4H+ → 2Fe2+(aq) + 2H2O(l)

2 4Fe(s) + O2(g) + 7H2O(l) → 2Fe2O33/
2 H2O(s) + 

8H+(aq)

but that is clearly not the case. For that, we can once 
again blame the Earth’s magnetotail. It serves to 
shelter the Moon from almost all of the solar wind 
during certain stages of the Moon’s orbit, particularly 
in the full Moon phase. In this brief window, over 
many millennia, haematite has formed.

Where’s the water?
The last piece in the puzzle is water: the Moon is 
famous for its lack of it. However, just like oxygen, the 
lunar surface is not entirely devoid of the compound. 
Water can be found as ice in lunar craters on the far 
side of the Moon, but this is a long way from where we 
find the iron oxide. Instead, researchers have suggested 
that the water molecules responsible for the rusting are 
found within the lunar surface.

It is proposed that fast-moving dust particles, which 
often strike the Moon’s surface, disturb these water 
molecules and mix them with iron at the surface. It 
has been suggested that the dust particles themselves 
could be carrying water, and the heat from these 

impacts could increase the rate of oxidation. When the 
Moon is shielded from the solar wind and oxygen is 
present, these impacts could create haematite. Over 
billions of years, haematite would accumulate to the 
levels that we see today.

Some questions still persist. Smaller quantities of 
haematite are also found on the opposite side of the 
Moon, where the Earth’s oxygen should not reach. 
So while some have their adventurous gaze set on 
reaching Mars, which gets its iconic red hue from 
iron oxides, it seems there are still mysteries to be 
unravelled on our nearer neighbour. But as the Moon 
is subject to renewed interest from space agencies 
around the world, some of these questions may soon 
be answered.

Water is found as ice at the bottom of craters on 
the far side of the Moon, but the water used to 
create haematite is thought to originate beneath 
the lunar surface
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