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The ancient moon-
forming planet Theia
probably came from
the inner solar system

ROUGHLY FOUR AND A HALF billion
years ago the planet Theia slammed
into Earth, destroying itself, melting
large portions of our planet’s mantle
and ejecting a huge debris disk that lat-
er pulled together to become the moon.
Scientists have long wondered about
both the composition and the origin of
Theia. Now they have evidence that it
formed very close to home.

The original giant-impact model of
the moon’s formation, proposed in the
1970s, predicted that the moon was
made mostly of material from the col-
liding object. This scenario implied
there should be differences between the
chemical compositions of the moon
and Earth, but research has found that
the two are nearly identical —far more
similar than two independent plane-
tary bodies should be. A study pub-

lished recently in Science took a close
look at other things Theia gave us be-
sides the moon: additional molybde-
num and iron left behind on Earth from
the collision.

Ancient Earth would have accumu-
lated these heavy elements in its core
but not in the rocky mantle closer to the
surface, so any iron present now in
Earth’s mantle most likely came from
Theia. Thus, it can tell us about that
planet’s composition, says study co-au-
thor Thorsten Kleine, director of the
planetary science department of the
Max Planck Institute for Solar System
Research in Germany.

Artist’s impression of
the planet Theia colliding
with ancient Earth

to create the moon

Kleine and his colleagues analyzed 15
terrestrial rocks and six lunar samples
brought to Earth by Apollo missions.
They focused first on iron isotopes:
variations of the element with different
numbers of neutrons. Rocks and plan-
etsinthe solar system share nearly iden-
tical distributions of these isotopes, but
in the past few years Kleine and some of
his co-authors discovered that certain
tiny deviations from the standard iron
isotope ratio can reveal the sample’s
place of origin. “The discovery of iron
isotope anomalies is relatively recent,
which I guess is why no one has done it
for the moon so far,” Kleine says. “These
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Smoke Detector

“Sleepy lizards” aren’t so sleepy

when it comes to fire

A BURNED LUNCH at the Audubon Zoo
in New Orleans did more than just disap-
pointahungry staffer. Assoon asa smoke
plume from the mishap drifted into their
enclosure, Australian “sleepy lizards,” a
type of skink, suddenly stopped whatev-
er they were doing—they tensed, flicked
their tongues, and began pacing their en-
closure’s edges and digging in the sub-
strate, frantic to escape. Other reptile
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species in the same room didn’t flinch.

The incident sparked a scientific
hunch: perhaps the lizards, which hap-
pen to hail from particularly fire-prone
regions, had evolved to recognize a
blaze’s chemical cues.

To test this hypothesis, Chris Jolly, a
conservation biologist at Macquarie
University and Charles Darwin Univer-
sity, bothin Australia, and his colleagues
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exposed 10 adult female sleepy lizards to
individual puffs of smoke and water va-
por and separately to recordings of
crackling wildfires and white noise. The
lizards fled in response to smoke but
were unfazed by water vapor or either
recording. The findings, published in
Biology Letters, suggest these lizardsrely
on smell—not hearing—to detect fire at
long range, unlike some other lizards,
frogs and bats.

This idea aligns with Australian
sleepy lizards’ known use of scent to rec-
ognize partners, with whom they form
lifelong pair-bonds, as well as to find
food and detect predators. “Smoke also
tends to travel ahead of the flames and
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analyses are difficult, and the variations
are small, so it is not an easy experiment
to do.” The team combined the data on
iron with isotope distributions of molyb-
denum and zirconium found in the same
samplestoreverse engineer Theia’s likely
size and composition. The researchers
also compared the measurements with
those of samples from 20 meteorites,
some of which originated in the inner
solar system and some in the outer, to
determine Theia’s place of origin.

The new study reveals Theia as a
rocky planet with a metallic core that
most likely had a mass 5to10 percent of
Earth’s and that formed in the inner
solar system, closer than Earth to the
sun. This picture lines up with previous
hypotheses for why the bodies seemed
to have so much in common, Kleine
says; what we didn’t know was exactly
where Theia originated.

Back in 2020 Kleine and other scien-
tists demonstrated that celestial bodies
thatformed closer tothe sun arericher in
heavy elements. Following this princi-
ple, Kleine and his co-authors estimated
that Earth has a bit more molybdenum
and zirconium than it should, and they
figured these additional heavy elements
must have been brought here by Theia.
They combined those data with what
they had learned about the iron.

Planetary scientist Sara Russell, a
senior research lead at the Natural His-
tory Museum, London, who was not in-
volved in the new findings, praises the
exceptional precision of the authors’
iron measurements. For her, the study’s
implications go beyond just the origins
of Theia—they offer insights into the
conditions that eventually shaped the
Earth-moon system into a cradle of life.
“This careful work and insightful mod-
eling help us better understand our ori-
gins,” she says.

The team hasn’t yet run simulations
of the giant impact based on this pro-
posed scenario, Kleine says, but he
looks forward to doing so and to ana-
lyzing lunar samples to look for other
element isotopes.

Russell hopes future sample-return
missions can boost this type of analy-
sis. “Ifind it amazing we are still learn-
ing new things about the moon and
Earth more than 50 years since the
Apollo astronauts collected these rocks
from the lunar surface,” Russell says.
“Collecting samples in space and bring-
ing them to curate on Earth means we
can make much more detailed mea-
surements than are possible in space
and preserve them for future genera-
tions to make their own discoveries.”

— Facek Krywko

cuts through background noise,” Jolly
says, “making smell a more reliable early
warning than sound in open, windy,
noisy environments.”

Many of the lizards tested had proba-
bly never experienced wildfire; their cap-
ture site hadn’t burned in more than 50
years. Yet they still bolted when they
sensed smoke, suggesting an innate ad-
aptation. (The strong response was nota-
ble given the animals’ typical slow, delib-
erate movements, which Jolly assumes
inspired the “sleepy lizard” moniker:
“They’re rarely in a rush to do anything,
except, apparently, to escape from fire!”)

Juli Pausas, a research scientist at the
Spanish National Research Council,

who was not involved in the study, says
thatalthough the sleepy lizards’ reaction
to smoke could indeed represent adap-
tation to fire—something also seen in
certain bats, possums and lizards—fu-
ture studies will have to rule out other
explanations such as a general aversion
to toxic substances in smoke.
“Nevertheless, the paper contributes
to the emerging recognition that certain
animal behaviors may represent fire ad-
aptations, a topic that hasbeen underex-
plored until recently,” Pausas says. As
fires intensify amid climate change, the
paper’s authors say, these sensory skills
could mean the difference between sur-
vival and death. —Clarissa Brincat
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