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Apollo May Have Found
an Earth Meteorite on the Moon

rock sample brought back by Apollo 14
A may contain the first evidence of

Earth material on the Moon. Recent
analysis of zircon grains in one lunar sample
suggests that the zircon formed under condi-
tions typical in Earth’s crust and not on the
Moon.

“We have searched in a lot of Apollo rocks,”
said Jeremy Bellucci. “In theory, this is the
first and only piece of Earth we have found
outside of Earth.” Bellucci is a geochemist in
the Department of Geosciences at the Swedish
Museum of Natural History in Stockholm and
lead author on a research paper (bit.ly/zircon
-apollo) that presented these results in Janu-
ary.

The geochemistry and crystallization envi-
ronment of the two zircon grains would be
“unique to the Moon yet common to Earth,”
the team wrote in its paper. If the zircons’ ori-
gin is verified, these grains would be some of
the oldest Earth minerals discovered to date
and would give a new look into Earth’s hellish
early years.

The Apollo 14 landing site as seen by the Lunar Reconnaissance Orbiter on 25 January
2011. The descent module landing site is seen as a dark spot northwest of the three cra-
ters at bottom left in this image. A faint dark trail from the landing site to nearby Cone
crater (top right) marks the path of the astronauts’ exploration of Fra Mauro. Credit:
NASA/GSFC/Arizona State University
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Two Old Zircons

The Apollo 14 astronauts landed on the Moon
in 1971 and collected nearly 43 kilograms of
lunar material that they brought back to
Earth. Scientists have been studying these
Moon rocks for decades to learn more about
the Moon’s minerology, geochemistry,
impact history, and magnetic environment.

One sample the astronauts returned with
was cataloged as 14321, a 9-kilogram boulder
nicknamed “Big Bertha.” Cutting into this
boulder revealed a clast of granite that con-
tained two zircon grains in a complex breccia.
Zircons serve as an important paleoarchive
on Earth, recording the time, temperature,
pressure, and geochemistry at the time they
formed. The oldest zircons, those from Jack
Hills, Australia, may be nearly 4.4 billion
years old.

Past studies have shown that these two
lunar zircons are about 4.1 billion years old
and formed during a tumultuous time in the
solar system’s history called the Late Heavy
Bombardment. Scientists think that Big Ber-
tha, along with the
other samples col-
lected during
Apollo 14, is lunar
debris from an
impact that formed
Mare Imbrium. But
Bellucci and his team
believe that the two
zircons were born
even farther away.

A Lot of Weird
Things

The researchers ana-
lyzed the geochem-
istry of the zircons
and the surrounding
breccia to determine
their formation
environment. They
calculated the crys-
tallization pressure
by measuring the
concentration of
titanium in the zir-
cons and in breccia
grains with an ion
mass spectrometer.
On the basis of this
measurement, the
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The zircons crystallized in
an oxygen-rich and
possibly water rich
environment that would
be unusual for the Moon
but common in Earth’s
crust.

team found that the crystallization pressure
translated to a depth of about 170 kilometers
below the Moon’s surface.

Bellucci and his team then simulated how
deeply the Imbrium impact would have exca-
vated the Moon’s surface. Their models sug-
gest that material from the base of the lunar
crust, about 30-70 kilometers deep, was
ejected from the crater. This depth is far
shallower than that where the zircons would
have crystallized had they formed on the
Moon, the team noted.

On Earth, however, the crystallization
pressure corresponds to about 20 kilometers
deep in Earth’s crust, a region that easily
might have been excavated by an impact,
Bellucci said.

Next, the team measured the concentration
of oxidized cerium ions in the two zircon
grains. This measurement was used as a proxy
for the amount of freely available oxygen at
the time the zircons crystallized. The cerium
measurements showed that the zircons crys-
tallized in an oxygen-rich and possibly water
rich environment that would be unusual for
the Moon but common in Earth’s crust.

The cerium measurements also revealed
that the zircons crystallized at a temperature
much lower than for other lunar magmas and
is more in line with shallow-crust minerals
on Earth.

“Alot of weird things happened in this
clast where these zircons came from” if they
came from the Moon, Bellucci said. The brec-
cia that surrounds the zircons, however, has
Moon-like geochemistry.

The Moon or Earth?
Nevertheless, the researchers considered

whether the sample could have formed
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Apollo 14 sample 14321, nicknamed “Big Bertha.” Credit: NASA/Johnson Space Center
photograph S71-29184

entirely on the Moon near Mare Imbrium. The
Imbrium impact then would have ejected the
clast to its eventual home at the Apollo 14
landing site. In this scenario, a shock wave
associated with the impact would provide the
higher crystallization pressure. However, the
shock wave also would have left behind other
signs in the grains that are notably absent,
the team said.

But if the zircons formed in Earth’s crust
during the Hadean (>4.0 billion years ago),
that would explain the low-temperature,
high-pressure, and high-oxidation environ-
ment in which the zircons crystallized, Bel-
lucci’s team argues. An impact on Earth
might have ejected the material to the Moon,
some of which then mixed with lunar mate-
rial. This mixing would explain why some of
the sample’s grains suggest a lunar origin
while the zircons suggest a terrestrial one,
Bellucci explained.

“We have no rocks on Earth that are older
than about 4 billion years,” Bellucci said.
“Most of the material from before 4 billion
years ago are the zircons from Jack Hills. If
the Moon has pieces of Earth that arrived
there during the Late Heavy Bombardment,
they must have formed before 3.9 billion
years ago.”

“[The Moon] could
serve as an inventory
to study the Hadean
Earth, which we
don’t have any pieces
of anymore on
Earth,” he added.

First of Its Kind
The results are “very
intriguing,” accord-
ing to Carolyn Crow,
aresearch associate
in geological sciences
at the University of
Colorado Boulder
who was not involved

Backscatter electron images of two zircons (Zr) from Apollo sample 14321. The zircons
are surrounded by potassium feldspar (Ksp), iron-infused melt glass (melt), pyroxene
(Px), and quartz (Qtz). Credit: Bellucci et al., 2019, https.//doi.org/10.1016/j.epsl.2019.01
.010, Figure 1

with this research.
“These zircons do appear to have more Earth-
like trace element compositions relative to the
rest of the Apollo zircons,” she told Eos.
However, Crow cautioned that some of the
team’s assumptions—particularly that the
zircon, quartz, and other minerals in the brec-
cia crystallized at the same time—still need to
be verified. If the assumption is false, that
could rule out Earth as an origin. “That being
said,” she continued, “if further work is able
to confirm that this assumption holds true,

then this would be compelling evidence for a
terrestrial meteorite on the Moon.”

“I expect there could be a bit of controversy
because this is the first of its kind,” Bellucci
said. “Hopefully, it inspires a search for more
Earth materials and further analyses on these
samples.”

By Kimberly M. S. Cartier (@AstroKimCartier),
Staff Writer
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