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nasa spacecraFt reVeal ancient UnDergroUnD 
cracks From moon’s Formation

The face of the moon has always 
enchanted us, but data from 
a recent NASA mission have 
given scientists a glimpse of 

what lies beneath the surface. A new, 
highly detailed map of the moon’s gravity 
has revealed evidence of underground 
cracks created by its hot, molten center as 
it took shape billions of years ago.

Two spacecraft called Ebb and Flow 
— part of NASA’s GRAIL mission,  
which ended in December when the 
spacecraft intentionally crashed on the 
moon — spent months recording lunar 
gravity last year by sending signals 
back and forth between one another 
as they orbited in tandem around the 
moon. By measuring how the distance 
between the two spacecraft changed, 
a team of researchers could determine 
small variations in the moon’s grav-
ity, and thus its mass, across the lunar 
surface. The result is a detailed map 
of the moon’s gravity, which scientists 
unveiled in December at the annual 
meeting of the American Geophysical 
Union (AGU) in San Francisco and is 
published in Science.

About 98 percent of the 
gravity variations GRAIL 
detected came from struc-
tures visible on the lunar land-
scape, such as the craters and 
mountains. But the remain-
ing 2 percent of the data from 
beneath the lunar surface pro-
duced something researchers 
weren’t expecting: gravita-
tional anomalies, or spikes 
in the gravitational pull, that 
litter the lunar underground. 
These anomalies, which can 
span several hundred kilome-
ters, help show how the moon 
formed in its first billion years, said Jeff 
Andrews-Hanna, a planetary scientist at 
the Colorado School of Mines, at a press 
conference at the AGU meeting.

The gravity anomalies come from 
dikes — stretches of volcanic rock that 
formed when magma from the moon’s 
interior expanded and filled in cracks 
in the cooling crust, Andrews-Hanna 
said. “For the past 3.5 billion years, the 
moon has been gradually cooling down 
and contracting, but we’re saying that 

[during] the first billion years, it was 
warming up and expanding,” he said.

The research also shows that the dikes 
are much older than the cratered crust 
of the moon. One dike on the far side of 
the moon runs for almost 500 kilometers 
underground in a nearly straight line, 
even though the surface is covered with 
craters. “What that’s telling us is that the 
gravity anomaly formed before the major-
ity of the craters on the moon. So it’s a very 
ancient structure,” Andrews-Hanna said.

Right: The crustal thickness of the moon, as determined 
from gravity data from NASA’s GRAIL mission and topog-
raphy data from NASA’s Lunar Reconnaissance Orbiter. The 
thinnest crust is less than 1 kilometer within the nearside 
Crisium and farside Moscoviense impact basins. The aver-
age thickness of the crust is 34 kilometers. Stars indicate 
locations of olivine-rich materials (mapped by the Japanese 
spacecraft Kaguya), which may represent materials exca-
vated from the moon’s mantle.

Left: The density of the lunar highlands on the near and 
far sides of the moon as generated using gravity data from 
NASA’s GRAIL mission and topography data from NASA’s 
Lunar Reconnaissance Orbiter. Red corresponds to higher 
than average densities and blue to lower than average den-
sities; white corresponds to basalt.

Artist’s concept of NASA’s GRAIL mission. GRAIL’s 
twin spacecraft, Ebb and Flow, orbited in tandem 
around the moon to measure its gravity field.
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The new evidence fits well with the 
popular hypothesis that a huge impact 
between an enormous object and the 
early Earth knocked debris from the 
planet into orbit that then coalesced to 
form what we know today as our moon. 
One outcome of that impact would 
be that the moon expanded early on. 
Although scientists have long theo-
rized this, GRAIL provided the first 

evidence of that early period of expan-
sion that scientists can directly observe, 
Andrews-Hanna said. It doesn’t rule 
out every other theory; the moon’s inte-
rior could have expanded if it formed 
alongside with Earth, for example. 
But regardless, any hypothesis for 
the moon’s formation must now take 
the expanding interior into account, 
Andrews-Hanna said.

The gravity map also revealed details 
about the moon’s crust. On average, the 
data showed, the crust is 34 to 43 kilo-
meters thick, about 10 to 20 kilometers 
less than estimates derived from previ-
ous missions. The revelation indicates 
that the moon has the same aluminum 
content as Earth, another sign that the 
compositions of the two are similar.

Sean Treacy

Until recently, scientific 
consensus held that the 
moon was bone-dry. 
Scientists thought that 

the massive impact between Earth 
and a Mars-sized object responsible 
for the moon’s creation would have 
driven off the hydrogen needed to 
form water. While some scientists 
had done theoretical work to sug-
gest the possibility of water, the first 
hard evidence came in 2008, when 
researchers identified its presence in 
volcanic lunar glass. In 2009, lunar-
orbiting satellites spotted evidence for 
water on its surface. That same year, 
in a moment of spectacular showman-
ship, NASA crashed a spacecraft into 
the south pole of the moon, liberating 
large quantities of water-ice. Since 
these discoveries, determining the 
source of lunar water has been the 
next frontier. Now, new research on 
microscopic grains of lunar glass sug-
gests that much of the moon’s surface 
is rich with water, and that the water 
comes from the sun.

Yang Liu, a geologist at the Uni-
versity of Tennessee, and colleagues 
suggest in Nature Geoscience that a 
significant amount of water on the 
surface of the moon comes from the 
constant bombardment of hydrogen 
ions ejected from the sun. The sun 
is continuously shedding these ions 
into space, creating the solar wind, 
which is one of three mechanisms 
scientists have suggested as possible 
sources of lunar water — the other 
two being the impact of icy comets 
and lunar volcanism. Because the 
hydrogen that makes up solar wind 
hits the moon with enough force to 

The moon passes in front of the sun. 
New research suggests solar wind may 
be responsible for water on the moon.

Scientists studied water content in 
agglutinates from lunar soil.

sUn proViDes Water to the moon

Because agglutinates make up a 
large portion of lunar soil, demon-
strating that hydroxyl might occur so 
frequently within them could have 
ramifications for the future of space 
exploration, Liu says. The moon has 
long been discussed as a potential 
base for future space exploration. If 
water — which can be converted into 
fuel — were found in abundance, it 
could power future missions.

For now though, Liu is excited about 
the broader implications. Recognizing 
the role of solar wind “gives us hope 
[for] finding water in other areas [of 
the solar system],” she says.

Alex Kasprak

bind with oxygen, scientists have long 
held that it is possible that solar wind 
could produce water.

To test the idea, Liu and her team first 
had to find water in lunar soil. The team 
focused on tiny particles called agglu-
tinates, glass-like microscopic grains 
of lunar dust formed through melting 
when micro-meteorites impact the sur-
face of the moon. By documenting the 
wavelengths of light absorbed by the 
grains, the researchers identified the 
grains’ chemical compositions. Many of 
the grains contained hydroxyl, a water 
precursor found locked in the minerals 
of rocks, indicating that the surface 
lunar soil, which is rich in agglutinates, 
contained significant amounts of water. 
“It has been long suspected [that there] 
is water in agglutinates,” Liu says, but 
“we haven’t been able to identify it 
until now.”

Finding water was only half the bat-
tle, Liu says. To determine where the 
water came from, the team measured 
the amount of deuterium, a heavier 
isotope of hydrogen, in the samples. 
Because the sun is too hot to hold deu-
terium, there isn’t any in solar wind. But 
hydrogen from other potential sources 
does contain deuterium, so its absence 
is indicative of a solar origin. Liu and 
her colleagues found almost no deute-
rium, leading them to conclude that “the 
majority of the hydroxyl we saw is solar 
wind-derived,” she says.

Deuterium values as low as Liu’s are 
“only consistent with solar wind implan-
tation,” says James Greenwood, a plan-
etary geologist at Wesleyan University in 
Connecticut who was not involved in the 
research. However, he notes, there are still 
other reservoirs of water on the moon.
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