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Mysterious Dark Streaks on Mars

Every year, in the Martian summer, dark 
streaks begin to appear on the steepest 
hillsides, such as valley walls and the 
rims of ancient meteor craters. The 
lines are visible in images taken by Mars 
orbiters, and scientists refer to them 
as ‘recurring slope lineae’, or RSLs. The 
streaks grow slowly throughout the 
summer and then disappear when the 
Martian weather gets colder.

Scientists initially assumed that these 
RSLs were wet, as they look like flows of 
water. As liquid water is essential for life, 
the flows could be sites for ancient or 
even current biological activity on Mars. 
If the sites were home to alien life forms 
on Mars, they would be a top priority 
in efforts to protect and preserve the 
planet’s environment.

Liquid-carved features on the surface of 
Mars indicate that ancient rivers once 
flowed on the red planet. However, 
scientists generally agree that for about 
the last 3.5 billion years, temperatures 
on Mars have been too cold for pure 

water to exist as a liquid. Water could 
only flow in the form of very salty brine, 
as salt dissolved in water lowers its 
freezing temperature.

Any water in the RSLs could come 
from either frozen or liquid aquifers 
underground. However, the dark streaks 
sometimes appear on isolated peaks 
and ridges, which are unlikely to store 
underground water. Alternatively, water 
vapour from the atmosphere could 
be absorbed by the Martian soil. Still, 
it has previously been unclear how 
atmospheric water vapour could trigger 
seasonal avalanches.

If water on the Martian hillsides comes 
from atmospheric vapour, the sites 
would be unlikely to contain life. 
Understanding whether water could 
trigger these flows and where it could 
come from is an essential first step in 
determining whether these sites could 
harbour life.

Dr Anthony Toigo at the Johns Hopkins 
University Applied Physics Laboratory 
has devoted years to investigating the 

causes of Martian RSLs. His team’s 
latest work aimed to determine whether 
RSLs could be caused by water vapour 
absorbed from the Martian atmosphere 
rather than liquid water flows. If the 
streaks could form without liquid water, 
scientists may have to look elsewhere 
for life on Mars.

Simulating the Martian Atmosphere 

At Hale Crater on Mars, the site of an 
ancient meteorite impact, dark streaks 
form every year. The flows start growing 
in early spring on the steep slopes of 
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REVEALING THE TRIGGER 
FOR MARTIAN AVALANCHES

For years, scientists have been puzzled by the appearance of dark 
streaks appearing on Martian hillsides. The linear features look like 
water flows – and if water is present, they could be harbouring life 
on Mars. However, the freezing conditions on Mars mean that liquid 
water flows are unlikely. Previous theories suggest the flows could 
be dust avalanches, but this doesn’t explain why they only appear in 
the Martian summer. Dr Anthony Toigo and his colleagues at Johns 
Hopkins University Applied Physics Laboratory, NASA Goddard 
Space Flight Center, and the University of Colorado – Boulder, 
have modelled weather conditions near the Martian surface and 
recreated the Martian atmosphere in a laboratory. By doing so, they 
could examine how Martian dust and surface soils respond to the 
changing seasons on the red planet.
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the crater walls and fade away in the 
Martian winter. To understand whether 
atmospheric water vapour could be 
causing the streaks, Dr Toigo and 
his team set out to understand the 
temperature and humidity conditions 
at the site.

Spacecraft orbiting around Mars, such 
as the Mars Reconnaissance Orbiter, 
pass by Hale Crater at approximately 
the same time every Martian day and 
measure atmospheric conditions, but 
Dr Toigo’s group wanted to understand 
how atmospheric conditions changed 
throughout the whole day. Furthermore, 
the orbiters cannot detect humidity 
in the lower layers of the atmosphere 
nearest the surface of Mars. 

To fill the gap between observations, 
they used mathematical models 
to predict how temperature and 
humidity would change throughout the 
Martian day. They forecasted the daily 
temperature and humidity cycles at the 
crater in the summer months, when the 
flows appear, and the winter months, 
when they are absent. Their results 

show that temperatures at the crater are 
very cold; even during the summer, they 
typically remain below freezing.
Once they had estimated the Martian 
conditions, the team replicated the 
Martian atmosphere in the lab. This 
was the first time that daily-varying 
environmental conditions at Martian 
avalanche locations were simulated 
on Earth. Firstly, the researchers tested 
whether the streaks could be brine 
flows triggered by a process called 
deliquescence. In this process, salts in 
the Martian soil would absorb enough 
atmospheric water vapour to dissolve 
in the absorbed water, forming a 
concentrated salt solution.

Next, the group studied a type of salt 
found in the Martian soil, called calcium 
perchlorate, subjecting it to Martian 
temperature and humidity conditions 
in their lab. To do this, they encased 
the salts in a cell with controlled 
temperature and humidity, cooling 
the samples using liquid nitrogen and 
humidifying it with water vapour. They 
then directed a laser at the samples and 
measured how they scattered the laser 

light, to find out how much absorbed 
water or ice they contained.

In both the summer and winter 
experiments, the conditions were 
sufficiently cool and humid for water 
to be absorbed by the salt overnight. 
However, the salts did not take in 
enough water to form a liquid brine. 
Therefore, Dr Toigo and his colleagues 
deduced that the flows on Mars could 
not be brine flows created by water 
absorption from the atmosphere into 
the soil.

However, they noticed an interesting 
difference between the two sets of 
experiments. The salt absorbed water 
overnight and released it back to the 
atmosphere during the day, but only 
lost all of its water in Martian summer 
conditions, when the dark flows form. 
In contrast, in the Martian winter 
conditions, even in the warmest time of 
day, the salt did not completely dry out. 
‘When the RSLs are seasonally active, 
the ground is drying,’ says Dr Toigo.
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CREDIT: NASA/JPL-Caltech/University of ArizonaIllustration showing the trigger mechanism for RSLs

Winter (RSL Inactive): higher moisture content stronger cohesive forces 
no granular �ow

Wettest time of day Driest time of day No granular �ow

Wettest time of day Driest time of day Granular �ow possible

Capillary bridges 
between grains still 

present

Spring/ Summer (RSL Active): lower moisture content weaker cohesive forces 
granular �ow occurs

The researchers formed a new hypothesis for how atmospheric 
water vapour could trigger flows on the crater walls in the 
summer, without the need for liquid brine. Instead of a fluid 
flow, the dark streaks could be dry avalanches of dust caused 
by salts in the Martian soil drying out in the summer. 

The Trigger for Martian Avalanches

The warm, dry conditions at Hale Crater in the late spring and 
summer could cause the salts in the soil to completely dry out 
during the warmest part of the day. When the soil dries out, the 
cohesive forces between the grains, which usually hold them 
together, weaken. The Martian soil becomes less sticky and 
more prone to sliding downhill. ‘When the soil seasonally starts 
drying, it becomes more loose and more likely to collapse, like 
a dry landslide,’ explains Dr Toigo.

When this happens, the bright-coloured dust and sand slide 
down steep slopes such as the walls of Hale Crater. ‘This 
collapse would expose darker material underneath, appearing 
as the discolouration seen in the images taken by spacecraft,’ 
adds Dr Toigo.

More dust from the atmosphere is deposited on the slopes in 
the winter, and the temperature never becomes warm enough 
to dry it out. The soil grains have a high moisture content all 
day, and the cohesive forces between the grains prevent them 
from flowing downhill.

The streaks could plausibly be caused by dry dust avalanches, 
as they occur on slopes steep enough for dry material to flow. 
Some scientists had previously suggested that they could be 
dry flows caused by wind disturbing the dust or gas flowing 
under the soil, but these theories can’t explain why the flows 
only appeared in the warm months. The absorption and release 
of atmospheric water by salts in the ground are possible under 
Martian conditions and explain the flows’ seasonality.

If yearly dust fall provides the material for the flows, they 
could be very thin – possibly only a fraction of a millimetre in 

depth. Dr Toigo’s model suggests that the subsurface could be 
dehydrated up to a depth of about six centimetres. However, 
if the surface dust is much brighter than the rocky ground 
underneath, even a tiny, thin flow could easily be observed 
from space.

Is Mars Currently Habitable?

Dr Toigo’s team found that the dark streaks on Martian hillsides 
could be dry dust avalanches, where surface grains are 
normally held together by the absorption of atmospheric water 
vapour at night by salts in the soil, and then become looser by 
a drying of the ground during the warmest parts of the day. The 
theory explains why the flows are only observed in the summer, 
as the salts can only completely dry out in the summer, and 
then the dust is loosest and avalanches can be most easily 
started.

It remains unknown why the flows are common on some 
slopes, such as Hale Crater, but not others. However, if 
the atmospheric vapour theory is correct, the variation 
could be explained by locally varying temperatures or salt 
concentrations in the soil.

The atmospheric vapour theory has important implications 
for the search for life on Mars. ‘If RSLs can form from the 
seasonal absorption of water vapour in the air instead of 
from underground reservoirs of water, then areas where RSLs 
are found would not be locations of likely biological activity,’ 
explains Dr Toigo.

The findings could have implications for the protection 
status of the flows. If they do not contain liquid water and are 
unlikely to be habitable, they could be suitable sites for future 
exploration by landing probes. However, anyone on a mission 
to find life on Mars might be disappointed. ‘The search for life 
on Mars would best be conducted elsewhere,’ concludes Dr 
Toigo.

WWW.SCIENTIA.GLOBAL



Meet the researcher
Dr Anthony Toigo

Applied Physics Laboratory
Johns Hopkins University

Laurel, MD
USA

Dr Anthony Toigo obtained his PhD in planetary science at the 
California Institute of Technology, where his research focused 
on atmospheric processes on Mars. After graduating in 2001, 
he continued to study the Martian atmosphere as a Research 
Associate at Cornell University, New York, and subsequently as 
an International Scholar at Kobe University, Japan. In 2009, Dr 
Toigo moved to the Johns Hopkins University Applied Physics 
Laboratory, where he currently develops software and conducts 
research analysing spacecraft observations and computer 
models. Dr Toigo has dedicated his career to understanding 
planetary atmospheres, and his work has furthered our 
understanding of the Martian atmosphere and climate, Martian 
dust storms, and the atmosphere on Pluto. Alongside his 
academic research, he contributed to verifying landing and 
operating conditions for several Mars spacecraft. Dr Toigo has 
been awarded multiple prestigious grants and awards for his 
contributions to planetary science.

CONTACT

E: Anthony.Toigo@jhuapl.edu
W: http://crism.jhuapl.edu/mission/team.php 

KEY COLLABORATORS

Scott D. Guzewich, NASA Goddard Space Flight Center 
Raina V. Gough, University of Colorado, Boulder 
Danielle L. Nuding, Johns Hopkins University Applied Physics 
Laboratory 

FUNDING

National Aeronautics and Space Administration (NASA)
•  NRA/Research Opportunities in Space and Earth Sciences 
    - 2015 (ROSES-2015) Solar System Workings (SSW) Grant 
    NNX16AR89G, ‘Investigating Atmospheric Sources of Water of 
    Recurring Slope Lineae on Mars’
Mars Reconnaissance Orbiter (MRO) Compact Reconnaissance 
Imaging Spectrometer for Mars (CRISM)
•  http://crism.jhuapl.edu
•  NASA instrument built and operated by the Johns Hopkins 
    University Applied Physics Laboratory onboard NASA mission

FURTHER READING

RV Gough, DL Nuding, PD Archer Jr, MS Fernanders, SD 
Guzewich, MA Tolbert, AD Toigo, Changes in soil cohesion 
due to water vapor exchange: a proposed dry-flow trigger 
mechanism for recurring slope lineae on Mars, Geophysical 
Research Letters, 2020, 47, e2020GL087618.

WWW.SCIENTIA.GLOBAL

http://crism.jhuapl.edu

