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A possible subglacial lake on Mars
Mars, the God of War, is losing the fight to hide its mystery. Leading the charge are orbiters and landers
that have revealed an ancient ocean and a thick atmosphere, both lost over the planet’s history. The story
of the Martian surface is far from over − a recent study reports the possible discovery of a subglacial...

ESO’s VLT sees `Oumuamua getting a boost
`Oumuamua — the first interstellar object discovered within our Solar System — has been the subject of
intense scrutiny since its discovery in October 2017. `Oumuamua, pronounced “oh-MOO-ah-MOO-ah”,
was first discovered using the Pan-STARRS telescope at the Haleakala Observatory, Hawaii. Its name...

Hubble and Gaia team up to fuel cosmic conundrum
Combining observations from NASA’s Hubble Space Telescope and the European Space Agency’s (ESA)
Gaia space observatory, astronomers further refined the previous value for the Hubble constant, the rate
at which the universe is expanding from the big bang 13.8 billion years ago. But as the measurements...

Stellar corpse reveals origin of radioactive molecules
A team of astronomers led by Tomasz Kamiński (Harvard-Smithsonian Center for Astrophysics, Cambridge,
USA), used the Atacama Large Millimeter/submillimeter Array (ALMA) and the NOrthern Extended Millimeter Array (NOEMA) to detect a source of the radioactive isotope aluminium-26. The source, known as...

A solution to the mysteries of Uranus
Planetology has made great strides in the last few decades. Thousands of exoplanets have been discovered and the atmospheres of distant worlds have been investigated, to the point of our being able to
make meteorological forecasts. And yet, in our own solar system, there is the planet Uranus, for which...

First successful test of Einstein’s general relativity near a SMBH
Obscured by thick clouds of absorbing dust, the closest supermassive black hole to the Earth lies 26,000
light-years away at the centre of the Milky Way. This gravitational monster, which has a mass four million times that of the Sun, is surrounded by a small group of stars orbiting around it at high speed. This...

Supersharp images from new VLT adaptive optics
The MUSE (Multi Unit Spectroscopic Explorer) instrument on ESO’s Very Large Telescope (VLT) works with
an adaptive optics unit called GALACSI. This makes use of the Laser Guide Star Facility, 4LGSF, a subsystem
of the Adaptive Optics Facility (AOF). The AOF provides adaptive optics for instruments on the VLTs Unit...

Terraforming Mars is still science fiction plan
That the destiny of humanity is to colonize other planets is a near-certainty, but this will happen in a future
so far off that the ways by which we might do so are highly speculative. Surely, if the population increases to unsustainable levels, we will reach a point at which either a strict global birth control will be...

First confirmed image of newborn planet caught with ESO’s VLT
Astronomers led by a group at the Max Planck Institute for Astronomy in Heidelberg, Germany have captured a spectacular snapshot of planetary formation around the young dwarf star PDS 70. By using the
SPHERE instrument on ESO’s Very Large Telescope (VLT) — one of the most powerful planet-hunting...

Astronomers uncover new clues to the star that wouldn’t die
What happens when a star behaves like it exploded, but it’s still there? About 170 years ago, astronomers
witnessed a major outburst by Eta Carinae, one of the brightest known stars in the Milky Way galaxy. The
blast unleashed almost as much energy as a standard supernova explosion. Yet Eta Carinae survived. An...
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A possible
subglacial
lake on Mars
by Damian G. Allis, Ph.D.
NASA Solar System Ambassador
damian@somewhereville.com

Mars, the God of War, is losing the fight to hide its
mystery. Leading the charge are orbiters and landers
that have revealed an ancient ocean and a thick atmosphere, both lost over the planet’s history. The story of
the Martian surface is far from over − a recent study
reports the possible discovery of a subglacial liquid
water lake, revealing that a diversity of local environments may still exist close to the Martian surface.

O

n the background, a simulated 3-D perspective
view of a Martian
polar cap, created
from image data
taken by the
THEMIS instrument
on NASA's Mars
Odyssey spacecraft.
[NASA/JPL/Arizona
State Univ., R. Luk]
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F

ew topics in planetary science excite researchers and the public more than the
discovery of water. To geologists and
climatologists, liquid water reveals that
conditions must lie within some reasonable
temperature regime, providing information
about the surface and atmosphere.
For astrobiologists, liquid water is one of
the key requirements needed for life as we
know it. Space engineers see liquid water
less as the stuff of life as they do the stuff
of cost reduction − water in liquid form
means a readier source for both propellant
and consumption.
Among the known water-bearing bodies beyond Earth, only Mars has combined rapid
scientific discovery with public engagement

T

he Mars Express
spacecraft used
its MARSIS experiment to send radio
waves down to
Mars and interpret
the echoes it sent
back. Based on the
data, scientists believe there is water
below the surface
of Mars. [ESA]
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and technical capability with economic feasibility. A recent study of Planum Australe
in the southern polar ice cap region using
the Mars Advanced Radar for Subsurface
and Ionospheric Sounding, or MARSIS, instrument on the European Space Agency
(ESA) Mars Express Orbiter (MEO) reports
the detection of what might be an active
location of persistent, still-liquid water −
although not a body of liquid easily accessible or, for that matter, in a form usable
by future colonists. The Italian research collaboration, led by Roberto Orosei at the
Italian National Institute for Astrophysics
in Bologna, published the findings of their
12-year study in the July 25th issue of Science
magazine (DOI:10.1126/science.aar7268).
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The search that detected what might be liquid water began upon MEO entering orbit
in 2003, but the study itself is based on data
collected from 2012 and 2015. MARSIS sends
radar signals and measures the properties of
the reflected beams − including the time it
takes for signals to bounce and return and
the difference in intensity of the sent signal
and returned reflections. The time and intensity of the reflections reveal information
about the surface − fast returns may mean
solid rock immediately below, while interfaces between rock and ice, or ice and water
and rock, produce more complicated and
delayed signals. Liquid water is a very different material than either rock or ice in terms
of radar reflectivity, making its presence
stand out brightly compared to the material
around it. These patches were observed during early passes of the MEO, but were not
always observed for reasons that have to do
with how the data was processed.
Radar measurements performed by the MEO
before 2010 were processed by the onboard
computer, involving data averaging before
being sent to Earth. This is efficient, but resulted in only some of the data containing
evidence for liquid water radar reflections −
all due to the detected region being relatively small compared to the surveyed region. Astrophotographers know the consequences of omission attributed to the preprocessing of images by onboard computers
− raw image formats are always preferred
from DSLR cameras over the compressed

E

SA’s Mars Express has used radar signals bounced through underground layers of ice to find evidence of a pond of water buried
below the south polar cap. Twenty-nine dedicated observations were
made between 2012 and 2015 in the Planum Australe region at the
south pole using the Mars Advanced Radar for Subsurface and Ionosphere Sounding instrument, MARSIS. A new mode of operations established in this period enabled a higher quality of data to be
retrieved than earlier in the mission. The 200 km square study area is
indicated in the left-hand image and the radar footprints on the surface are indicated in the middle image for multiple orbits. The
greyscale background image is a Thermal Emission Imaging System
image from NASA’s Mars Odyssey, and highlights the underlying topography: a mostly featureless plain with icy scarps in the lower right
(south is up). The footprints are colour-coded corresponding to the
‘power’ of the radar signal reflected from features below the surface.
The large blue area close to the centre corresponds to the main radarbright area, detected on many overlapping orbits of the spacecraft. A
subsurface radar profile is shown in the right hand panel for one of
the Mars orbits. The bright horizontal feature at the top represents
the icy surface of Mars in this region. The south polar layered deposits
– layers of ice and dust – are seen to a depth of about 1.5 km. Below is
a base layer that in some areas is even much brighter than the surface
reflections, highlighted in blue, while in other places is rather diffuse.
Analysing the details of the reflected signals from the base layer
yields properties that correspond to liquid water. The brightest reflections are centred around 193°E/81°S in the intersecting orbits, outlining a well-defined, 20 km-wide zone. [Context map: NASA/Viking;
THEMIS background: NASA/JPL-Caltech/Arizona State University; MARSIS data: ESA/NASA/JPL/ASI/Univ. Rome; R. Orosei et al 2018]

jpeg formats that sacrifice image quality and
fine detail for portability. In 2010, a change
was made to the way the radar image data
handled, with select data stored and returned to Earth unmodified. The techniques
used to obtain this raw radar data from 2012
to 2015 are not just a feat of engineering,
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T

he upper image of this composite is a ‘radargram’ from the Mars Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS) on board ESA’s Mars Express. It shows data from the subsurface of Mars in the water-ice-rich layered deposits that surround the south pole of the planet. The lower image shows the position of the ground track of the spacecraft
(indicated by a white line) on a topographic map of the area based on data from the MOLA laser altimeter on board NASA's
Mars Global Surveyor. The images are 1250 kilometers wide. The MARSIS radar echo trace splits into two traces on the left
side of the image, at the point where the ground track crosses from the surrounding plains onto elevated layered deposits.
The upper trace is the echo from the surface of the deposits, while the lower trace is interpreted to be the boundary between the lower surface of the deposits and the underlying material. The strength of the lower echo suggests that the intervening material is nearly pure water ice. Near the image center, the bright lower echo abruptly disappears for unknown
reasons. The time delay between the two echoes reaches a maximum of 42 microseconds left of center, corresponding to
a thickness of 3.5 kilometres of ice. The total elevation difference shown in the topographic map is about 4 kilometres between the lowest surface (purple) and the highest (red). [NASA/JPL/ASI/ESA/Univ. of Rome/MOLA Science Team]

E

SA’s Mars Express has used radar signals bounced through underground layers of ice to identify a pond of water buried
below the surface. This image shows an example radar profile for one of 29 orbits over the 200 x 200 km study region in the
south polar region of Mars. The bright horizontal feature at the top corresponds to the icy surface of Mars. Layers of the south
polar layered deposits – layers of ice and dust – are seen to a depth of about 1.5 km. Below is a base layer that in some areas is
even much brighter than the surface reflections, while in other places is rather diffuse. The brightest reflections from the base
layer – close to the centre of this image – are centred around 193°E/81°S in all intersecting orbits, outlining a well-defined, 20
km wide subsurface anomaly that is interpreted as a pond of liquid water. [ESA/NASA/JPL/ASI/Univ. Rome; R. Orosei et al. 2018]
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xoMars Trace Gas Orbiter captured this view of part of the south polar ice cap on Mars on 13
May 2018. The poles of Mars have huge ice caps that are similar to Earth’s polar caps in
Greenland and Antarctica. These caps are composed primarily of water ice and were deposited in
layers that contain varying amounts of dust. They are referred to as the martian Polar Layered
Deposits (PLD). Thanks to massive canyons that dissect the layered deposits, orbiting spacecraft
can view the layered internal structure. The ExoMars orbiter’s Colour and Stereo Surface Imaging
System, CaSSIS, viewed this 7 x 38 km segment of icy layered deposits near the margin of the
South PLD, which extend as far north as 73ºS. Here, CaSSIS has imaged remnant deposits within
a crater at this margin. The beautiful variations in colour and brightness of the layers are visible
through the camera’s colour filters. It highlights the bright ice and the redder sandy deposits toward the top of the image. The ExoMars pro- gramme is a joint endeavour between ESA and
Roscosmos. [ESA/Roscosmos/CaSSIS, CC BY-SA 3.0 IGO]

but are also a testament to the abilities of researchers and their equipment to be flexible
when new approaches are needed − even
when technicians must be creative from tens
or hundreds of millions of kilometers away.

The temperature of this liquid body cannot
be directly measured without knowledge
of its actual composition, but the estimated
temperature for the ice/rock interface at the
polar caps is as low as -68°C. The measure-
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ment of high radar reflectivity aside, astrogeologists and new chemistry students alike
might ask the same question − what possible conditions could depress the freezing
point of water so low? To begin, the detected liquid water at the south polar cap is
below 1.5 km of ice. Water behaves differently under pressure than most other molecules because of the way it forms crystals
when it freezes − the average distance between molecules actually increasing slightly
compared to the liquid phase, producing a
slightly less dense solid. You know this from
experience − when a lake freezes over, even
the largest pieces of ice float. If water behaved like most other liquids upon freezing,
ice would sink to the bottom.

Frozen water under high pressure relieves
the strain from above by having its lattice
fall back into unstructured, more closelyspaced water molecules. This is how ice
skaters are able to move smoothly around
an ice rink − the pressure exerted by their
body melts the ice directly in contact with
their skates, producing a tiny pocket of liquid water over which the skates glide.
An analogous high-pressure situation exists
on Earth. Lake Vostok is the largest of the
nearly 400 subglacial lakes discovered in
Antarctica. At 250 km long by 50 km wide,
averaging almost one-half km in depth,
Vostok is a massive fresh-water liquid body
buried under more than 4 km of ice. Lake
Vostok lies between a massive ice sheet and

E

xoMars Trace Gas Orbiter showing the
region where the ancient Uzboi Vallis
enters Holden crater in the southern hemisphere of Mars. The valley begins on the
northern rim of the Argyre basin and was
formed by running water. The fluvial deposits are clearly visible in the impact
cratered terrain. The image was taken by
the orbiter’s Colour and Stereo Surface Imaging System, CaSSIS on 31 May 2018 and
captures an approximately 22.7 x 6.6 km
segment centred at 26.8ºS/34.8ºW. North
is to the bottom left in this orientation.
[ESA/Roscosmos/CaSSIS, CC BY-SA 3.0 IGO]

solid rock − just the situation detected on
Mars. The conditions that make Lake Vostok and other subglacial lakes liquid on
Earth are easier to explain away using only
a pressure argument − the pressure experienced in Lake Vostok is a combination of
4.5 km of ice above and an Earth gravity
three-times greater than that of Mars.
The detected liquid water on Mars is under
one-third as much ice on a planet with
one-third the gravity, which produces only
a small fraction of the pressure experi-
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enced by the Vostok fresh water. Additionally, thermal energy may contribute to the
estimated -3°C temperature for Lake Vostok − an almost balmy temperature compared to the possible -68°C temperature
for the detected Martian liquid water.
Pressure from above is an obvious contributor in the Martian case because we see
the ice sheet − but it cannot be the only
factor given what we know about the response of ice to pressure from above. A
second contributing factor is difficult to
measure directly for a liquid water body
buried so deeply, but is the basis for our
understanding of all forms of liquid water
on the Martian surface today. To lower the
freezing point of water at home, simply
add table salt (NaCl). Fresh water freezes

at 0°C, the freezing point of seawater rests
at -2°C, and a saturated salt water sample
freezes at -21°C − all due to how the Na+
and Cl- ions disrupt ice formation. The icedisrupting behavior of salts can be enhanced by mixing several different kinds
of salts together. On Mars, the perchlorates of sodium (Na), magnesium (Mg),
and calcium (Ca) have all been detected by
the many rovers capable of analyzing the
chemical make-up of surface samples. In
the right concentrations, it is possible to
depress the freezing point to as low as
-74°C − slightly colder than the predicted
temperature of the detected liquid zone.
The necessary ingredients for greatly depressing the freezing point of water may
all be present in the reflective zones both

T

his map shows the thickness of the south
polar layered deposits of Mars, an ice-rich
geologic unit that was probed by the Mars
Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS) on board ESA’s
Mars Express. The map was generated by
comparing the elevation of the bed as determined by MARSIS with the high-resolution
map of surface topography obtained by the
Mars Orbiter Laser Altimeter (MOLA) aboard
NASA’s Mars Global Surveyor. The thickness
of the layered deposits is shown by colors,
with purple representing the thinnest areas,
and red the thickest. The total volume of ice
in the layered deposits is equivalent to a
water layer 11 metres deep, if spread evenly
across the planet. [NASA/JPL/ASI/ESA/Univ.
of Rome/MOLA Science Team/USGS]

in terms of chemistry and geology −
although it must be
noted that this liquid water would be
anything but drinkable. All indications
for present liquid
water on Mars are
much better described as very salty
brines. On Earth,
brines are used as a
preservative − a liquid better suited
for killing microbial
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T

his map shows the topography of
the south polar region of Mars, including topography buried by thick deposits of icy material. The map is a
combination of subsurface elevation
data acquired by the Mars Advanced
Radar for Subsurface and Ionospheric
Sounding (MARSIS) aboard the ESA’s
Mars Express orbiter and surface elevation data acquired by the Mars Orbiter
Laser Altimeter aboard NASA’s Mars
Global Surveyor orbiter. The black line
shows the boundary of the south polar
layered deposits, an ice-rich geologic
unit that was probed by MARSIS. Elevation values within the black outline,
as measured by MARSIS, show the topography at the boundary between
the layered deposits and the underlying material, an interface known as the
‘bed’ of the deposits. The elevation of
the terrain is shown by colors, with
purple and blue representing the lowest areas, and orange and red the
highest. The total range of elevation
shown is about 5 kilometres. The radar
data reveal previously undetected features of topography of the bed, including depressions as deep as 1 kilometre
shown in purple in the near-polar region. The boundary of the layered deposits was mapped by scientists from
the U.S.G.S. The dark circle in the
upper center is the area pole-ward of
87° south latitude, where MARSIS data
cannot be collected. The map covers
an area 1670 by 1800 kilometres.
[NASA/JPL/ASI/ ESA/Univ. of Rome/
MOLA Science Team/USGS]

life than a medium in which such organisms
might exist.
That final − and most interesting − question
remains. Could this possible briny, subglacial
lake support life? The general consensus is
that the chances are very small. When scientists state that liquid water is a necessity for
life, implicit in that statement is the fact
that liquid water has enough energy to
allow organic molecules to move and chemistry to happen. A possibly -68°C salty brine
is far removed from tropical sea water, allowing, at best, slow movement of dissolved
molecules and only slow and infrequent
chemistry. That said, Earth is full with ex-
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tremophiles that grow and thrive in environments that would quickly kill off other
organisms − and 4 billion years is a long
time to adapt to inhospitable conditions.
Upcoming Mars missions will be directly
probing the likelihood of existing or ancient life on the planet, and astrobiologists
anxiously await the findings. To have life
develop independently on two or more
bodies in our own Solar System would fundamentally change our perceptions of life
beyond our very small neighborhood in
ways far more profound than how the discovery of exoplanets has changed our understanding of planetary formation.
!

