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ABSTRACT
Mars is nowadays a frozen desert devoid of liquid water, but it was not always like this: giant valleys and canyons on its
surface show that at some point in the remote past, water existed on the Martian surface. Trying to understand the origin

of these valleys, we found answers in an unexpected place: the plumbing system of ice sheets.
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I invite you to use Google Earth and
explore Mars. Look at the Martian
southern hemisphere, and find an arid
landscape littered with fossil valleys.
These valleys speak of a remote past,
when the red planet had water on its
surface. There are thousands of valleys
on Mars, they are large, and they look
strange, extraterrestrial. The debate
over how the Martian valleys originated
spans more than 40 years, and has not
yet been successfully resolved. Just like
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river and glacial valleys take different
shapes on Earth, the myriad of valley
shapes on Mars suggests that many
different processes were at play during
their formation.

We set out to learn more about how the
Martian valleys originated by relating
the diverse characteristics of Martian
valleys to different formation processes.
Just like valleys on Earth, Martian
valleys formed through the action of

TheScienceBreaker | Science meets

Society



BREAK'E%

rivers, glaciers, and groundwater
erosion. Because rivers and glaciers
alone cannot explain the strange shapes
of Martian valleys, we added another
possibility: water flowing in channels
beneath glacial ice. These subglacial
rivers are like ‘plumbing systems’ of
ancient ice sheets.

We looked at 66 Martian valleys and
evaluated whether rivers, glaciers, or
subglacial rivers best matched the shape
of the valleys we observe on Mars. We
did this by analyzing six important
characteristics of the valleys: length-to-
width ratios; angles between two
joining valleys; complexity of the valley
network; width of the valleys at origin;
and whether the valleys flow uphill. By
combining these characteristics, we can
use existing models of erosion to find
out how these valleys formed. After all,
the physics of erosion are the same on
Earth as they are on Mars. For example,
valleys formed by glaciers are wider and
shorter than those formed by rivers.
Furthermore, rivers form more complex
networks, and subglacial rivers may
flow uphill. Combining the use of
physical models, observations, and
statistical analysis, we were able to
classify the different ‘types’ of valleys
on Mars, and establish how they
formed.

Our classification yielded some
interesting results. First, we grouped
the valleys with similar characteristics
under a similar formation history.
Second, we interpreted the origin of
each group with physical predictions
for how rivers, glaciers, or subglacial
rivers should be like on Mars, and we
found examples of all these among the
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Martian valleys. Third, we found that
many valleys on Mars formed as
subglacial rivers. The shape and
characteristics of these particular
valleys are very similar to subglacial
channels found in the Canadian Arctic
and Scandinavia. These channels are the
remnants of rivers beneath ice sheets
that existed during the last ice age. In
total, we found that ancient rivers
carved 14 out of 66 Martian valleys
studied, and 22 valleys were most
consistent with formation as subglacial
rivers.

While the discovery of subglacial
valleys on Mars is new, the existence of
ancient Martian rivers is well accepted.
We think our most exiting contribution
is in providing an explanation for the
origin of the Martian valleys, and
explaining why they look so strange.
Whereas the presence of subglacial
valleys indicates that an extensive ice
sheet had to exist on Mars, the presence
of river valleys implies that such an ice
sheet had to melt as well. This discovery
suggests that ice ages or long-term
climate change existed on Mars and that
Mars slowly transitioned from a
warmer into a frozen world.

These results alter our vision of ancient
Mars: rivers confined under massive ice
sheets may have been largely
responsible for the massive Martian
valleys. Under the ice, water could have
once flowed in rivers and ponded in
lakes, maybe even providing the
conditions for life to originate or
survive, much like Lake Vostok harbors
living organisms beneath a kilometer of
Antarctic ice.
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