
S hortly after the coalescence of the 
solar system 4.6 billion years ago, 
the parent body of the near-Earth 

asteroid 162173 Ryugu had liquid water. 
At that time, the parent body was in 
the solar system’s outer region, where 
water is frozen. But for the first 7 mil-
lion years of the parent body’s exis-
tence, limited radioactive decay pro-
vided enough heat to melt the ice and 
make liquid water. Some time later, an 
asteroid smashed into the parent body, 
and Ryugu formed from the impact 
fragments. Today, Ryugu has almost 
no water—and how water left the as-
teroid and when is uncertain.

To study the long-term fate of water 
in Ryugu, the Hayabusa2 mission, orga-
nized by the Japan Aerospace Explora-
tion Agency, rendezvoused with the as-
teroid in June 2018. Then, automated 
instruments on the spacecraft scooped 

up samples from the asteroid, made var-
ious measurements, and arrived back to 
Earth in December 2020. Now the Uni-
versity of Tokyo’s Tsuyoshi Iizuka and 
colleagues have presented isotope data 
from Ryugu samples that suggest water 
could have stuck around as ice for 
roughly a billion years before an impact 
fractured the asteroid and caused the ice 
to melt, mobilize, and escape to space.

The researchers used mass spec-
trometry to measure the isotopic abun-
dances of samples that contained the 
rare-earth element lutetium and the 
transition metal hafnium. The isotopes 
176Lu and 176Hf can be used as a geolog-
ical chronometer. In the asteroid, 176Lu 
and some 176Hf were found in apatite 
minerals, and the researchers saw that 
the minerals’ grain boundaries were 
partially dissolved. Isotope results 
showed a 176Lu deficit relative to 176Hf, 
which is consistent with fluid reactions 
that would leave relatively insoluble 
176Hf behind. Together, those clues led 
the team to suspect that ice melted and 
water carried Lu to the parent body’s 
surface after it was struck by the aster-
oid that likely formed Ryugu.

According to the researchers’ calcula-
tions of Lu’s starting abun-
dance and rate of loss, the 
water refroze after radioac-
tive decay dissipated and 
remained as ice for the next 
billion years. Then, the as-
teroid impact could have 
generated enough heat to 
melt the ice, and the ensu-
ing fractures would have 
allowed the fluid, with the 
dissolved Lu from apatite 
minerals, to flow predomi-
nantly from the inner re-
gion of the Ryugu parent 
body to its surface. As the 
asteroid’s orbit drifted closer 
to the Sun, solar energy 
enhanced water degassing 
and ice sublimation, which 
would explain the lack of 
water in Ryugu that’s ob-
served today. (T. Iizuka et 
al., Nature 646, 62, 2025.)
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THE SURFACE OF THE RYUGU ASTEROID was 
photographed from an altitude of 42 m on 
15 October 2018 by a camera on the Hayabusa2
spacecraft. (Photo by JAXA, University of Aizu, and 
collaborators.)

Lutetium and hafnium tell the story of liquid 
water on asteroid Ryugu
Despite the tumultuous 
history of the near-Earth 
object’s parent body, water 
may have been preserved 
in the asteroid for about a 
billion years.
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ASSISTANT PROFESSOR IN MATERIALS 
FOR ENERGY STORAGE/CONVERSION 
AND HARVESTING

Florida, Tampa, seeks to fill a 9-month, at 
the Assistant Professor level in experimental 
Applied Physics. Preference will be given 
to candidates with existing strengths in the 
areas of energy conversion, energy storage, 
and/or energy sustainability and quantum 
materials. USF is an AAU institution with 
high-impact global research.  To apply, 
https://bit.ly/42pEf2H and attach a cover 
letter, curriculum vita with publication 
record, a statement of teaching philosophy 
(1 page), and a research plan (2-3 pages). 
In addition, applicants should have 
three letters of recommendation sent 
to physearch@usf.edu. For information 
regarding USF, please visit our website at 
www.usf.edu.
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