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Aceording to Arizona State University,

more than 1.2 million eubic miles (five
million cubie kilometers) of ioe have heen
identified at or near the surface of the planet.
If melted, this is enongh to cover the whale
planet of Mars to a depth of at least 115 feet
(%5 meters) and some estimates place this
at more than 5040 feet (915 meters), I vou
prefer Earth-bound comparisons, that is
enougl o [l Lake Michigan twice—and thal
eslimmite s considered W be conservative,
“This is really amazing,” said William
Bovnlon, principal investigator for Ooyssey’s
Gamma Ray Speciromeler suite at the
University of Arizona. “This iz the hest direct
evidence we have of subsurface water ice on
Mars. We were hopeful that we could find
evidence of iee, but what we have found iz
much more ive than we ever expested,”
Pricr o Cdyssey, Mars was
thaught to mostly be a dry and harren
place, but the orbiter rapidly changed
the scientific community’s mimd,

W clenrly identified the presemne of
hydragen in e soils af the high lalitudes
of Mars, which has sinee been eonfirmed
tio be in the form of water ice,” explained
Ovdyssey Project Scientist Jeffrey Plaut.
“We were able verv early in our mission to
make mips of the locations of ground ice
in the upper few feet, or one meter, of the

snil. We were able i detect the presence
and make estimates of the amount of water
in the =oil and tally that up, and it was one
of the largest known reservoirs of water on
Mars along with the water ice that's locked
up in the polar cap. It was a huge and
historie discovery for Odyssez to be able

to make those maps of the ground iee,”

Just a few years later, the Plhioenzx
lapder used it robolic amm o expase some
of thiz ground ice, sample it, and analvee
its composition—it was, in fact, water ice.
In 2008, satellite imagery from Odyzsey
reveqled thick Martian selt deposits
across the planet’s southern hemisphere,
himting that large amounis of liguid
water eould have oo flowed there.

In Fehruary of this yoar, NASA
annmmneed that Odyssey—working in tandem
with the Mars Reconnaissance Orhiter and
the now-retired Mars Global Surveyor—had
completed the Subsurface Water [ee Mapping
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(ot SWIM) poject, which cormpiled 20 vears’
wirth of data to locate water. Researehers
focused on Mars northern hemisphere in

an effort to lncate the best possible place for
future human explorers to locate precious,
shallow water ice beneath the surface,

Water iz not only vital to keeping
astronauts alive but can zlso be used to
manufacture other critical goods such as
rocket fuel. Mapping cfforts in the 20208
conld help meke crewed missions to Mars
possible as carly as the subsequent decade.

“I'he next frontier for Mars is for human
explorers to get below the surface and look
for signs of microbial life,” said Richard
Dravis, who leads NASA's efforts to find
Martian resoufces in preparation for sending
penple to the Red Planet, “We realize we
need to make new maps of subsurface ice
to improve our knowledge of where that jce
is fior loth scientific discovery and having
loesl resourees astronauts can rely on,”

The gargantuan task of mapping the
planet was another test Ddyssey passed
with flving colors. Tn 2010, MARA released
o GRBEITER from the prhitor composed
af 21,000 images taken over eight years
by {dyssey’s Thermal Emission [maging
System {THEMIS). This map showed
featiures as small as 330 fecl {100 melers)
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in size, though Odyssey has mapped certain
areas at an even higher resolution. That
map is now the starting point for almaost
all zenlogic studies of the Red Planet.
(wer a ten-vear period, with the help
of the neutron detectors, THEMIS has
provided a more accurate picture of the
planet’s climate, thanks in part to multiple
mission extensions due to the probe's
hardiness, Bescarchers have been able o
study such changes as the evele of earbon-
divxide freexing out of the atmosphere in
polar regions during each hemisphere's
winter, Remarkably, Martian weather and
climate stay relatively stable on a vearly
basis, “That research was really quite an
aceomplishment,” said Plaot, “Wo other
spacecralt has been able o do that, and
it's remarkable how eonsistent weather
patterns have heen from year to year.”
THEMIS didnt stop there. In 2o,
the instrument helped scientists find &
series of seven caves on the slape of the
verleano Arsia Mons, likely formed due
to natural underground stresses near
the voleano, While e caves may be oo
Inaceessible for early occupied habitats, the
Tinwd oidh gpur the bunt for kower-allitode
caves and lava tubes, On December 15
of the same year, the orbiter also broke
the record for longest serving spacecratt
at Mars, with 3,340 days of operation,
More recently, scientists have
tefnensed Odyssey on the METRRREGN
FRABRR Three new views wene captored
by THEMIS as (hdssey drifted in and oot
of the planet’s shadow. While (Odyssey's
primary objective is the Martian surface,
in recent years, the Jet Propalsion
Labwratory has developed a process to flip
the spaceerafll upside-down so it can aim
il camecs al Phobos, The result has given
remarkalle imsiphts into the composition
and phveical properties of (he ooon,
Wie're using Lhe umigue capability of
THEMIS to caplure images in the infrared,
ot anly measuring the temperaturee, bt
also the spectral behavior of the infrared

radiation at different points in the spectrom,

which gives ns information ahoot the
comnositinns of the soil,” noted Plant.
“We're lonking at the nature of the mnon's
5ol to see what the composition is, and its
rexture and density, sinee it i= & planned

target for landing and sampling missions.”

New imapes taken December 2010
show Phobos in full-moon phise, when
more of the surface = exposed to sunlight,
with a maximum temperature of 81 degrees
Fahrenheat (27 degrees Celsius), A 2020
phioto shows the moon while incelipse,
when Mars shadow completely bloeked
sunlight from reaching its surface. This
provided some of the coldest temperatures
measured on Phobos to date—the kowest
& chillv 184 dagrees Fahrenheit {123
degrees Celsins) below zern. Another 2oao
image showed Phobos exiting an eclipse,
with the surface still warming up,

“We're seeing that the surface of
Phiohos is relatively uniform and is made
up of very fine-grained materials,” saxd
Christopher Edwards of Northern Arizona
University in Flygstaff, Arizona, after the
pictures were released, Fdwards led the
provessing and analysis of the Phobos
images, “These ohservalions are also
helping to characterize the composition of
Phabos, Future oheervations will provide a
moe complete pieture of the temperature
extremes on the moon’s surface.”

With onlyv one ather spacecraft actively
working near Mars when Cefyesey arrived
on the seene, its tour has surprised many
of those who worked on the program. Mike
Kelley, Program Scientist for Odyssey
and the Mars Reconnaissance Orhiter,
is impressed with its longeity. “1t is the
longest-running Mars mission to date,” he
sabd. “That provides us with a long timeline
of obzervations and helps us to understand
how the atmosphere and climate vary and
hew the surface of Mars changes over dme,”

However, two decades have seen the
arbiter work through varkous malfunctions,
Diieing Ui cosnst Lo Mies i August 2001, Uie
Mars Radiation Environment Experiment
instroment tailed to respomd but was
sueresafully revived by March 2ooz. Tn
2003, a solat flare knocked out another
instrument. In 2oz, Odyssey mysteriously
and repeatedty jwmped into safe mode,
which would hinder tts relaving of data
from the Curiosity rover to Earth and
streteh the spun longer than the ordinany
14 minutes. The problem wazs determined
tir be the loss of one of four reaction wheels,
gyras that ame respopsible for contodling
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Crlyssey’s orientation. Fortunately, the
three remaining wheels were sufficient
to keep (hdyssey in correct alignment.

& mare palitically-driven threat to the
craft played out in early Febroary 2o2o
when President Trump relessed his 2oz
budget request. 1t slashed funding for
Oelipssey from 12 million dollars to around
oie million dollars for Lhe Gscal vear, The
cut would have essentially pulled the rug
ol from uider the program, which needs
at lesst 12 million dollars o operate on a
vearly basis. Luckily the budget changes
were rejected by Congress and Oayssey
was spared from the chopping hlock.

In 2024, the Japan Aerospace
Faxploration Agency [JAXA), in eooperation
with MASA and the Enropean Space Agency,
will send a probe to Fhohos with the goal
of collecting a sample from the surface and
returning it to Barth, Called the Martian
Monons Exploration probs, their program will
b using measurements taken from THEMIS
annd Ohedepssey for indicalions of the nature
of that soil. Odyssey just keeps contribuling
o our understanding of Mars in wavs not
antbicipated when the missicn was conceived.

Orilyzsaey Dins plied an instromental
rode in the exploration of the Red Planet,
Marz has been mapped, possible water has
been disooverad, vital rover and lander
communication relays have been made, and
potential landing sites for past and future
miissions have heen foomd. Thanks to the
orhiter that will be celebrating its aoth
anniversary this vear, much of what we know
about Mars has been forever changed. &
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