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of oceanography at the University of Rhode
Island (URI).

Using time and location data from photo-
graphs taken on the tour boat, URI Ph.D.
student Puja Banerjee determined the acous-
tic fingerprint of the 16 July lava bomb using
four underwater microphones, or hydro-
phones. She then combed through the
acoustic data from that summer and found
that from early July to early August, when
the eruption ended, there were at least 644
lava explosions in the area. She presented
the research, which has not yet been peer
reviewed, at AGU’s Fall Meeting 2021 (bit.ly/
lava-bombs).

The work “has important implications for
mitigating future volcanic hazards,” said
Robert Dziak, an acoustics scientist at NOAA’s
Pacific Marine Environmental Laboratory
who wasn’t involved in the research. The
study reveals a hot spot along the coastline
where the highest number of hydrovolcanic
explosions occurred.

Particles ejected from volcanoes can range
in size from dust and ash (millimeters) to
lapilli (“little stones” of several centimeters)
to bombs (6 centimeters to several meters).

Lava explosions don’t always shoot lava
into the air, but when they do, the result can
be deadly. In 1992, one person was killed and
three others were seriously injured when lava
bombs exploded from Mount Marapi in Indo-
nesia. In Hawaii in 2018, a bowling ball-sized
lava bomb hit a man on the leg outside his
home.

Eruptions on land can launch lava bombs,
too. The explosions are caused by dissolved
gas or vapor in lava that comes out of solution
and forms bubbles that then explode.

More than 80% of volcanic eruptions occur
in the ocean, said Shen. “We might be able to
use those natural acoustic signals to study
how acoustic waves propagate in the ocean.”

Scientists could use the relationship
between acoustic wave speed and seawater
temperature to study how climate change is
affecting ocean waters, said Yang. The short,
clear sound bursts from lava-water explo-
sions may be easier to decipher than the more
complex acoustic signals from underwater
earthquakes.

Previous research has suggested that sound
from lava-water explosions travels far:
Hydrophones placed more than 5,000 kilo-
meters from Kilauea recorded explosions,
according to a 2001 study.

By Jenessa Duncombe (@jrdscience), Staff
Writer
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Scientists Plan a Home Away
from Home for Mars Samples

erseverance has barely started its rock
P hounding on Mars, but scientists are

already planning how to handle the
rover’s samples when they’re dispatched to
Earth. They’re pondering how to keep the
samples safe from Earth and Earth safe from
the samples while making them accessible to
researchers for decades to come.

The potential for life on Mars “is a twofold
thing,” said Carl Agee, director of the Insti-
tute of Meteoritics at the University of New
Mexico and a member of an advisory commit-
tee that reviewed requirements for a possible
Mars sample facility. “It’s the major science
driver for a sample return mission, the major
science motivator. But it’s also a major hurdle
that has to be overcome. You have to protect
Earth from potential microscopic organisms,
but you also have to prevent contamination
in the samples so you don’t have any confu-
sion if they have evidence of life.”

Perseverance, which has trundled through
Jezero crater since February, is the first half
of a possible two-step Mars Sample Return
(MSR) mission. It will collect almost 40 core
samples, each about the size of a stick of
chalk, in titanium tubes, which will be sealed
tightly. The rover will deposit the samples for
collection by a second rover, which is under
development by the European Space Agency
(ESA). The retrieval rover will load the sam-
ples inside a small rocket, which will ferry
them to a Mars orbiter for the trip to Earth.

(NASA hasn’t given formal approval for the
return mission, although it is expected to do
so, with launch targeted before 2030.)

NASA and ESA still have to work out the
details on a receiving and curation laboratory
for the samples, including its size, the scien-
tific gear it will contain, its location, and even
whether they might want more than one
facility. But the advisory committee, MSR Sci-
ence Planning Group Phase 2 (MSPG2, some
of whose findings were presented at AGU’s
Fall Meeting 2021), and experts within both
agencies have outlined the basic challenges
and requirements (bit.ly/mars-sample).

Protecting Earth from Mars

The key requirements are to evaluate whether
the samples contain any living organisms
and, if so, to keep them locked safely away,
preventing any possible contagion.

“The chances they will contain extant life
are extremely low,” said Andrea Harrington,
Mars sample curator at Johnson Space Center.
“If we find something, it’s more likely to
be extinct. But we’re taking a very careful
approach. We’ll protect Earth from the sam-
ples.”

Initially, the samples will be stored and
handled in a biosafety level 4 facility, which
provides the highest level of protection against
releasing dangerous agents into the environ-
ment. The air pressure will be lower inside the
facility, ensuring that nothing accidentally

Perseverance is shown here next to Rochette, the rock from which it extracted the first two samples for possible
return to Earth. Credit: NASA/JPL-Caltech/MSSS



This artist’s conception shows an ascent vehicle carrying samples collected by Perseverance as it heads toward
a rendezvous with the Earth return craft in orbit around Mars. Credit: NASA/JPL-Caltech

flows out. Samples will be stored and evaluated
in sterilized cabinets made from special mate-
rials and filled with nitrogen or other gases,
and planners are considering fully robotic sys-
tems for handling the samples.

Once they are proven to be free of Martian
bugs, the samples will be moved to less
restrictive quarters, where the emphasis will
be on protecting them from Earthly contam-
ination. “We want to protect them from
humidity, dirt, microbes, fungus, people with
grubby fingers—you name it,” said Agee.
“They’ll be kept extremely clean and pris-
tine.”

On to the Science

Most of the detailed scientific work will be
performed by individual scientists at their
own laboratories, so the initial evaluations at
the sample return facility will be designed to
prevent altering or contaminating the sam-
ples in any way.

“The first step will be a basic characteriza-
tion,” said Kim Tait, senior curator of miner-
als at the Royal Ontario Museum in Toronto
and a member of both MSPG2 and its prede-
cessor, MSPG1. “The material will be weighed,
photographed—we’ll have eyes on to deter-
mine what kinds of rocks they are. We’ll
already have some of that since the rover is
scrutinizing the rocks and gathering a lot of
field information.”

Initial analysis might include extracting
some of the Martian atmosphere from the
core tubes, conducting X-ray tomography or
computed tomography (CT) scans to get an
idea of what’s inside the tubes, taking micro-

“You have to protect Earth
from potential microscopic
organisms, but you also
have to prevent
contamination in the
samples so you don’t have
any confusion if they have
evidence of life.”

scopic images of the samples, and other tests.
“Technology is evolving quickly, so the
instruments we propose today might be com-
pletely different in 10 years anyway,” said
Tait. “What we really want to get down is the
types of information that people will want to
extract from the samples.”

“The main purpose is to describe the sam-
ples to the extent needed so scientists know
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what to ask for,” said Agee, who worked more
than 2 decades ago at NASA’s lunar samples
facility, where he studied concepts for a Mars
sample lab to support an earlier mission con-
cept. “It’s like a library book. You want to
know the title, the author—a few basic
things. The point is, we want to have every-
thing accessible to the broader research com-
munity as soon as possible.”

Once the samples are ready, the facility will
dole out tiny amounts of them—milligrams
or even micrograms at a time. With the
amount of material expected to be returned
from Perseverance’s excursion, that’s enough
for researchers to conduct thousands of stud-
ies, Tait said. “There will be more than
enough material for my lifetime and the life-
times of many future observers.”

Planning for the Future

Keeping the samples in good shape for those
future scientists is another focus of a storage
facility. Samples gathered by Apollo astro-
nauts have been stored at Johnson Space Cen-
ter for almost half a century, with some
opened and studied for the first time in just
the past few years. A Mars laboratory must be
prepared to keep its samples safe and ready
for new scientific investigations for a similar
span, with some lying untouched for decades.

“We have to be ready for however long
people want to continue doing science,” said
Harrington. “We have to be able to get a lot of
science out of the samples beyond the first
couple of years. That’s the plan.”

Planners are looking at the experience of
the Apollo curation team to determine what
has worked well and what hasn’t.

“In the Apollo curation facility, a lot of the
best practices have been developed since the
1970s, and a lot of them will be adapted for
the Mars samples,” said Agee. “A lot of the
mistakes have already happened, so we don’t
have to go through that again.”

NASA has initiated a study to determine a
specific plan for the Mars sample facility,
which will take several years to build and test.
The agency is considering everything from
renting a relatively small facility to building
alarger new one, with a ready-to-receive date
of 2031 or 2033.

“This is still very much a work in prog-
ress,” said Harrington. “We’re still making
decisions and identifying benefits and draw-
backs of different implementation strategies.
But we’re starting to narrow our focus. And
have no doubt we’ll be ready for it.”

By Damond Benningfield, Science Writer
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