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The Opportunity rover landed on Mars on January 25, 2004, 
with a mission meant to last 90 days. Instead, the golf cart-
sized robot continues to explore the barren Red Planet for 
more than 14 years, cementing itself as an icon of perseve-
rance and grit in our ever-expanding efforts to explore other, 
unforgiving worlds. 

But in June 2018, a giant dust storm engulfed most of Mars 
in darkness, and the ‘little rover that could’ was faced with 
the greatest challenge of its surprisingly long life. “We don’t 
know whether or not the rover will survive,” says John Callas, 
the project manager of the Mars Exploration Rover project at 
NASA’s Jet Propulsion Laboratory in Pasadena, California. 

As the energy from its solar-powered batteries depleted, 
Opportunity fell into a deep sleep, its bid to wait out the 
storm. If it never wakes up, as some scientists fear, it will 
become the most recent space explorer whose remains 
rest beyond Earth. From the Magellan spacecraft, which 
plummeted into Venus in 1994, to the Philae probe, which 
got stuck in a crevice on a comet in 2014, a growing number 
of spacecrafts have reached, or are approaching, their final 
frontier in a graveyard scattered across the cosmos.

Callas was first alerted to the brewing Martian dust storm 
on a Friday evening in early June. The Mars Reconnaissance 
Orbiter, which provides updates from above the planet’s 
surface, detected the swirling wind and debris more than 
1,000 kilometers away. At the time, it did not pose an im-
mediate threat to the rover, but as the weekend went on, the 
storm grew larger, and the Martian skies became darker. 
“It’s kind of like watching a slow-motion car crash,” says 
Bill Nelson, chief of the Opportunity mission’s engineering 
team at NASA. “You can see it’s going to happen and there’s 
nothing you can do to stop it.”

Unlike its nuclear-powered neighbor on Mars, the Cu-
riosity rover, Opportunity is energized by the sun. As the 
Martian haze grew larger and thicker, it blocked Oppor-
tunity’s solar panels from gathering sunlight to recharge 
its batteries. When Callas returned to work on Monday, he 
found that Opportunity’s daily energy production had fallen 
almost by half. The following day, it had dropped further still. 

Concerned, Callas and his team decided to limit the 
rover’s activity for the day in order to save energy. But they 
had to be careful: The rover needs to maintain a certain level 

6 new moons orbiting Saturn dis-
covered by the Cassini spacecraft.

14 years, the length of time Oppor-
tunity has been operational on Mars.

22, the number of loops through 
Saturn’s rings Cassini made during 
its final descent.

42 spacecrafts that have final res-
ting places on other planets.

45  kilometers, Opportunity’s 
odometer on Mars as of June 2018.

90 days, the expected length of 
Opportunity's Mars mission.

638 gigabytes of data collected 
by the Cassini Spacecraft.

12,500 kilometers, the dis-
tance between New Horizons and 
Pluto as the spacecraft flew by.

The Time it Takes

People watch Space Shuttle Columbia lift off in 2003 at Cape Canaveral, Florida.
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of activity in order to keep itself warm on the Martian soil, 
which, on average, reaches a chilling -60 degrees Celsius. 
Callas’ fear is that the cold could damage or destroy parts 
of the rover, including its battery.

They placed Opportunity in sleep mode for two days. On 
June 10, the team received a transmission from Opportunity: 
Its energy production had plummeted, and it had barely 
enough power to keep its mission clock ticking. They haven’t 
heard from it since. “We don’t know whether we’ll hear from 
Opportunity again,” Callas says. 

Opportunity has faced dust storms on Mars before, 
but none this dangerous. To the rover, the sun appears as 
a mere pinprick in the dark sky. Although Opportunity was 
originally designed to withstand freezing temperatures, it 
is no longer as strong as it was when it first touched down 
on Mars 14 years ago.

“It’s the difference between your 19-year-old nephew 
going outside in the winter time without a jacket and your 
97-year-old grandmother going out in the winter time wit-
hout a jacket,” said Callas. He and Nelson are optimistic, 
but worried. They hope to hear from Opportunity soon, but 
admit they are unsure if a signal will ever come. Until then, 
the team will be on stand-by, monitoring the rover for any 
sign of activity. 

It’s not the first time a robot has faced disaster on Mars. 
Such was the fate of Spirit, Opportunity’s twin rover. It 
landed on Mars three weeks before Opportunity and tra-
versed the Martian surface until it fell into a trap in 2009, 
eventually sending its last transmission in 2011.

Whether or not Opportunity suffers a similar fate, the 
rover’s remains will rest on Mars. A hundred years from 
now it will likely appear unchanged from today. After several 
thousand years, sand will likely bury the craft, says Mason 
Peck, an astronomy professor at Cornell and NASA’s former 
chief technologist. Or, if a meteor hits nearby, Opportunity 
might be damaged by chunks of falling space rock. Hun-
dreds of thousands of years from now, the robot will show 
signs of oxidation, and its parts will deteriorate, Peck says. 
Whatever remains will die with the solar system billions of 
years in the future, he adds.

For some missions, a deep sleep doesn’t mean the end; 
rather it’s a break for a new beginning. The New Horizons 
spacecraft made its historic flyby of Pluto in July 2015, 
snapping numerous images of the frigid dwarf planet. So-
metime afterwards, New Horizons entered slumber mode 
while the project team feverishly analyzed its data back 
on Earth. “The spacecraft hibernates but the ground team 
never hibernates,” says Alan Stern, the mission’s principal 
investigator at NASA.  

After snoozing for six months, the craft woke up in June 
2018 with a new target: A space rock floating at the edge 
of the solar system, in a region called the Kuiper Belt. The 
object’s official name is “2014 MU69,” but after a public 
voting campaign, it was dubbed “Ultima Thule,” Norse for 
‘beyond the farthest frontier.’

“It’s a mission of delayed gratification,” says Stern. “It was 
almost a decade to get from Florida to the Kuiper Belt, and now 
we’re going to milk the spacecraft and its capabilities to do as 
much exploring as we possibly can over the next decade or so.”

But for New Horizons, what awaits beyond the Kuiper Belt 
is the vast emptiness of space. Stern says that the plutonium 
heart powering New Horizons will most likely run out of juice 
around 2030. At that point, the craft will be about three times 
as far from the sun as Pluto is; about 90 times as far from the 
sun as Earth. Even if it did have the power to keep its main 
computer and radio running, by 2070, the craft would be 
too far away to communicate with Earth, says Stern. There 
isn’t much out there in the void to damage New Horizons, 
so the craft will remain unchanged as it enters a deep freeze 
outside our solar system.

“It will be perfectly preserved as an artifact of our civiliza-
tion,” said Stern. He adds that, as New Horizons drifts through 
space, in about five to eight billion years from now, when the 
sun transforms into a Red Giant and consumes the Earth, the 
spacecraft will be safe. “I think it’s pretty sobering to think that 
we built something that will outlive our planet.”

Far ahead of New Horizons are the Voyager probes, 
launched in 1977.  The farthest of the two, Voyager 1, is some 
21 billion kilometers away from Earth. After it runs out of power 
in 2025, it, too, will wander the galaxy seemingly forever.

Not every spacecraft is left to rest on a planet or drift 
through the cosmos until the end of time. Some meet their 
end in a fiery blaze. In September 2017, the Cassini space-
craft met this fate when it plunged into Saturn’s surface, ha-
ving observed the ringed world and its moons for 13 years.

Julie Webster, the Cassini Spacecraft operations office 
manager at the time, remembers being in the control room 
for the final dive, dubbed Cassini’s Grand Finale. The rea-
son Cassini had to kamikaze into Saturn was to prevent it 
from crashing into one of the planet’s icy moons, such as 
Enceladus or Titan. Both may contain the building blocks 
for life, so NASA researchers had to ensure Cassini would 
not accidentally contaminate them. 

The Grand Finale began with 22 loops through Saturn’s 
rings before the final plunge. As soon as Cassini entered Sa-
turn’s atmosphere, the temperature rose from hundreds of 
degrees to thousands in a matter of seconds. “It essentially 
became part of Saturn as particles,” says Webster. “Every-
thing would melt and liquefy, even the iridium cladding on 
the plutonium. Many, including Webster, mourned Cassini’s 
end. It was hugs and tears in the mission control room. 
“Nobody can tell you when you’re putting down a loved pet 
or when a parent dies what you’re going to feel afterwards,” 
she says.

It won’t be the last planned destruction of a spacecraft 
for Webster: She is now the chief engineer with the Juno 
spacecraft project, which has orbited Jupiter since 2016. 
Sometime after 2021, it, too, will take a death plunge into 
the gas giant.

If Opportunity dies on Mars, it will leave behind an im-
pressive legacy. During its time, it has provided scientists 
with tantalizing clues to our neighbor’s mysterious – and 
wetter – ancient past. “This vehicle has exceeded all ex-
pectations,” says Callas. Still, he hopes Opportunity will 
survive the dust storm and continue roving the red sands 
until it enters its Martian graveyard. 

Peck agrees. “It would be a shame to lose a successful 
rover. But at the same time, it’s had a good run, so if this is 
the last we ever hear from Opportunity, so be it,” he says. 
“It would have been a heck of a ride.” 

“I think it’s 
pretty sobering 

to think 
that we built 
something 

that will outlive 
our planet.”

34,000 names submitted in 
a NASA contest to name the target of 
New Horizons next flyby. (Ultima Thule 
was the winner.)

453,048 images taken by 
Cassini in the two decades it spent in 
space, before plunging into Saturn.

$700 million (US), 
the cost of New Horizons mission that 
flew past Pluto.

$800 million (US), 
the cost of the Opportunity and Spirit 
space Mars rovers.

$2.5 billion  (US), 
the cost of the Curiosity rover sent 
to Mars.

$3.3 billion (US), the 
cost of the Cassini spacecraft sent to 
Saturn.

5,000,000,000 
kilometers, the distance travelled by 
New Horizons to its Pluto flyby.

21,000,000,000 
kilometers, the distance Voyager 1 
has traveled since 1977 – the furthest 
anything has traveled in history.

Space suit simulator used in the Mars Desert Research Station in Utah.
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