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PRESS RELEASE  
 
Saturn Formed First, and Rings Came Long After 
Saturn’s rings formed only 100 million years ago, when dinosaurs roamed 
the Earth. The new findings of Sapienza’s researchers, now published on 
Science online edition, are the last gift of Cassini before its final plunge in 
atmosphere of Saturn.    
 
Gravity measurements of Saturn and its rings measured by NASA’s Cassini 
spacecraft before its deliberate plunge into the gas giant have revealed that 
the winds of the planet extend downwards by 9000 km and that the rings 
formed, at most, 100 million years ago. The results of this research, 
coordinated by Luciano Iess of the Mechanical and Aerospace Engineering 
Department at Sapienza University of Rome, will be published on January 
17th in the online edition of Science. 
 
The rings have long been Saturn’s most iconic feature, but the measurement 
of their mass carried out by researchers at Sapienza shows that their origin is  
quite recent. In fact, Saturn formed in the early stages of the Solar System, 
about 4.5 billion years ago, whereas the rings’ origin could date back to a 
time when the dinosaurs roamed the Earth.  
 
The results have been obtained from measurements made in the final phase 
of the mission, during which Cassini carried out 6 spectacular dives very 
close to the planet, between its atmosphere and the rings. The spacecraft’s 
velocity, measured with a precision of a few hundredths of a millimetre per 
second using a radio link between Cassini and ground antennas of NASA’s 
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Deep Space Network and the European Space Agency, allowed the 
disentangling of the tiny gravitational pull of the rings from the much larger 
effect of the planet.  
 
But what is the relationship between the mass and age of the rings? 
Measurements taken by other instruments on board Cassini had shown that 
the rings are 99% ice and the remaining 1% is composed of microscopic 
silicate particles, or perhaps organic material. Cassini had also determined 
the flux of contaminant particles present around Saturn. Measuring the mass 
of the rings has made it possible to estimate the amount of deposited 
impurities (the silicate particles) and therefore determine the time necessary 
for this to accumulate: between 10 and 100 million years.  
 
“The mass of the rings was the last piece of the puzzle. The small mass we 
measured with Cassini indicates a young age”, explains Luciano Iess. “There 
were already clues from Voyager and Cassini measurements that the rings 
had not formed with Saturn, but now we have a much more concrete 
evidence, which was only possible to obtain during the final phase of the 
mission, called the Grand Finale.  
 
The rings could have been formed from the shattering of one of Saturn’s 
moons following an impact with a comet, for example, or from collisions 
between moons on intersecting orbits. Alternatively, they might be the 
remains of a comet-like body that strayed close enough to Saturn to be tidally 
disrupted. 
 
The same gravity measurements, obtained during Cassini’s close passes, 
allowed other questions to be answered, namely those related to the internal 
structure of the planet. Saturn is a gas giant with a radius of about 60000 km 
(about 10 times that of the Earth), largely composed of hydrogen and helium, 
like the Sun and Jupiter. It has long been understood that the outermost 
layers of Saturn’s atmosphere rotate faster than the inner layers, but by how 
much was unknown. Another question was at what depth the planet starts to 
rotate uniformly, like a solid body.  
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“We expected that Saturn would have a similar structure to its brother, 
Jupiter” – says Daniele Durante, a co-author of the paper – “but when we 
compared the results that we obtained for Jupiter last year with these new 
results, the difference was surprising”. Saturn starts to rotate uniformly at a 
depth of about 9000 – 10000 km, corresponding to 15% of the planet’s radius. 
On the other hand, on Jupiter only the outermost layers, corresponding to 3% 
of the planet, rotate faster than those of the interior. The large depth of the 
differential rotation could explain why, until now, it has been impossible to 
determine Saturn’s period of rotation.  
 
This research also answers another question: how large is the core of Saturn? 
Models of the internal structure, developed at the University of California at 
Berkeley, indicate that the gravity measurements are compatible with a core 
formed of heavy elements (that is, not hydrogen or helium) equal to 15-18 
Earth masses, therefore 15% of the total mass of the planet. This estimate 
could provide important clues about the formation of Saturn and its moons.  
 
Cassini’s mission ended on 15 September 2017, using residual propellant to 
carry out a manoeuver to allow it to crash into the planet’s atmosphere, to 
protect Saturn’s moons from possible contamination.  
 
The research group is led by Luciano Iess, of the Department of Mechanical 
and Aerospace Engineering at Sapienza University of Rome, with 
collaboration from Daniele Durante and Paolo Racioppa. Other important 
contributions to the research were provided by B. Militzer (Univ. of 
California at Berkeley, USA), Y. Kaspi (Weizmann Institute, Israele) and P. 
Nicholson (Cornell Univ., USA), together with researchers from scientific 
institutions elsewhere in Italy and abroad.  
 
The research, that will be published on 17 January in the online edition of 
Science, has been funded in part by the Italian Space Agency (ASI). “The 
analysis of Cassini data keeps surprising us”, says Barbara Negri, who leads  
the Unit Exploration of the Universe at ASI. “These new results are a fine 
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addition to our understanding of the ringed planet, obtained thanks to the 
contribution of researchers from Sapienza University.” 
 
 “Measurement and implications of Saturn’s gravity field and ring mass” - Authors:  L. Iess, B. 
Militzer, Y. Kaspi, P. Nicholson, D. Durante, P. Racioppa, A. Anabtawi, E. Galanti, W. 
Hubbard, M. J. Mariani, P. Tortora, S. Wahl, M. Zannoni - Science, 17 January 2019 - DOI: 
10.1126/science.aat2965 
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