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Introduction:  Dark and bright streaks are ob-

served on steep slopes on Mars [1-7]. They occur in 
wide regions in the equatorial zone; these regions are 
characterized by high albedo, low thermal inertia and 
thick cover of fine dust. Formation of dark slope steaks 
is an ongoing process. The slope streaks are mostly 
interpreted to be the result of some kind of dry fluid-
ized surficial flow of fine dust [e.g., 2, 5-7], a "dry" 
scenario. Recently, the striking morphological similar-
ity of the slope streaks on Mars and wet slope streaks 
in the Antarctic Dry Valleys [8] impelled us to con-
sider a "wet" scenario [9], which would inherit the 
property of Antarctic streaks responsible for their plan-
forms: percolation of a liquid in the shallow subsurface 
above an impermeable layer. Here we show that the 
"wet" mechanism is a direct consequence of very rea-
sonable assumptions about the streak-producing sur-
face layer. Then we discuss a few new observations in 
the context of comparison of "dry" and "wet" mecha-
nisms.  

"Wet" mechanism": First, we need to assume 
that the soil contains CaCl2. As qualitatively discussed 
in [10], on Mars, where salt deposition occurred by 
freezing of concentrated brines, association of Ca 
cation with Cl anion should be expected, contrary to 
the Earth, where salts are mostly deposited by evapora-
tion of diluted solutions. Soils in the slope streak re-
gions are enriched in Cl (0.6 - 0.8 wt %) [11]. 

Second, we need to assume the presence of ground 
ice. Ice is known to be unstable against sublimation 
and vapor diffusion to the atmosphere [12-14], how-
ever, the layer of fine dust, which is known to make up 
the uppermost centimeter of the soil, provides an ap-
preciable metastability time scale. Slope streak regions 
are enriched in H (6 - 10 % H2O equivalent) [e.g., 15]. 
The observed H has been hypothesized to reside in 
stable hydrated salts [e.g., 12] or in metastable ground 
ice remaining from very recent climate changes [16]. 
In addition to 1.0 - 1.2 % H2O bound in antarcticite 
CaCl2·6H2O, we need at least ~2% ice.  

With this arrangement, the following processes will 
occur. The diurnal thermal skin (0.5 - 1 cm thick) ex-
periencing high day-time temperatures is free from 
H2O in any form, but provides an effective barrier for 
water vapor diffusion. Beneath this, within the sea-
sonal thermal skin, during the warmer season, when 
the temperature exceeds the eutectic temperature of 
CaCl2 - H2O system (218 K), a liquid phase of highly 
concentrated brine (aqueous solution) forms. The 
eutectic composition is 30% of CaCl2, and the actual 

concentration can be only a little lower. The observed 
Cl abundance is enough to fill a quarter of the pre-
sumed pore space with this liquid phase. Droplets of 
liquid slowly travel down through the pores driven by 
their weight. Migrating downward, brine reaches the 
bottom of seasonal thermal skin, refreezes (forming ice 
and antarcticite), and clogs the pores, making an im-
permeable layer. The next parcels of brine reach this 
impermeable layer, stop and coalesce to form larger 
droplets and saturate the pore space. When droplets get 
large enough, or when the pore space is locally satu-
rated, the brine starts flowing on top of the imperme-
able layer, merge with other parcels of liquid, and form 
a run-away percolation front. The percolation front 
moves downslope and gathers brine from the soil, 
forming a slope streak. During the cold season the 
liquid phase freezes, and the process resumes the next 
year. 

The "wet" mechanism outlined above does not 
specify the particular nature of surface darkening. We 
do not believe that this is critical. The apparent albedo 
of moderately bright fine powder can be easily 
changed by any disturbance of surface microstructure. 
It is possible that minor movement of soil grains 
caused by percolation front propagation does this. Al-
ternatively, some brine in the saturated front area, may 
wick to the surface, reach diurnal thermal skin and lose 
water through evaporation, change soil structure and 
leave salts.  

Temperature constraints:  Our "wet" mechanism 
can work only under very strict temperature con-
straints: (1) the year-average surface temperature must 
be below 218 K (otherwise the impermeable layer 
would not form), and (2) the year-maximum day-
average surface temperature must be above 218 K 
(otherwise the liquid phase would never exist). 

We derived the average temperatures  from the sur-
face temperature data in the European Mars Climate 
Database (available at http://www-mars.lmd.jussieu.fr) 
for "Mars year 24 scenario", which is thought to repre-
sent the typical weather conditions on the planet. For 
the slope streak regions, the year-maximum tempera-
ture ranges from 201 to 213 K, which formally fits 
constraint (1). The year-maximum day-average surface 
temperature ranges from 209 to 230 K, that is formally 
for some areas the warmer season is too cold. We do 
not think that this discrepancy is enough to reject the 
possible role of brines, for the following reasons. First, 
the surface temperature in the Climate Database is 
obtained as a model calculation result, with the input 
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of TES-derived thermal inertia, which, in turn, is a 
model-based derivative of night-time temperatures 
only. This rather indirect way might cause an unknown 
bias in the model-based average temperature estimates. 
Second, the data represent horizontal surfaces, while 
the slope streaks occur on slopes. Slopes are warmer at 
night due to partial shielding of cold sky, and may be 
either warmer or colder during the day, depending on 
location, slope orientation, and season. Thus, depend-
ing on season and orientation, the actual day-average 
temperature on slopes can be higher. Third, the ther-
mal conductivity of soils increases with temperature. 
This nonlinearity in the heat transfer equation (often 
neglected in the thermal models of martian soils), leads 
to temperatures at depth being a little higher than the 
average temperature at the surface.  

Improved thermal models specially fit to the avail-
able observations and, probably, additional observa-
tions are necessary to check if the temperature actually 
fits the requirements. 

"Dry" or "wet"?  It is surprisingly difficult to dis-
tinguish between the "dry" [2] and "wet" mechanisms 
basing on morphologic and other observations. For 
example, it is known that streak formation can be trig-
gered by tiny impacts, rolling boulders, etc. [6], which 
is usually considered as evidence for a "dry" flow na-
ture. However, such events can easily trigger run-away 
percolation by making a few droplets coalesce. Asso-
ciation of shallow topographic scars with the streaks 
have been considered as strong supporting evidence 
for dry avalanches [2, 6, 7]. However, the scars can 
also be easily explained by sliding of an upper decime-
ter of the soil on a lubricating wet layer made by the 
percolation front, or, alternatively, as a result of com-
paction due to significant loss of ground ice caused by 
the streak formation. Moreover, in the framework of 
the "wet" scenario it is easier to explain why only 
some streaks have associated scars. 

The major problem with the "dry" mechanism is 
the fact that the streaks are formed on rather gentle 
slopes. As noted in [17], this requires very exotic 
mechanisms of dry fluidization. It has been found that 
a number of km-long streaks have average slope below 
15° [18], which is very difficult to reconcile with the 
dry flow mechanism. 

Some new observations:  Multicolor HiRISE im-
ages clearly show that the slope streaks do not have 
any color signature (except a tiny brightness excess in 
the blue-green filter for some "old" streaks that are 
almost faded away). This is perfectly consistent with 
streak darkness being the result of change of surface 
structure rather than from stripping of the dust layer. 
The absence of a color signature for the streaks lies in 
contrast to the spectacularly colorful traces of recent 
small-scale downslope wasting occurring on the same 

slopes, for example, on the inner walls of Zunil crater 
(HiRISE images PSP_001764_1880 and 
PSP_002397_1880). 

As reported in [6], a recent impact [19] triggered a 
huge number of tiny slope streaks in the immediate 
vicinity of the impact site (HiRISE image 
PSP_002764_1800). These abundant streaks occur 
mostly on N-facing slopes, while farther away from 
the impact site scarce streaks and numerous streak 
scars have orientations in all directions. It is very diffi-
cult to explain this observation in the framework of a 
"dry" mechanism, while for our "wet" mechanism, 
such a phenomenon is natural: at the moment of im-
pact the warmer season was on the north-facing slopes. 
(In the equatorial region of Mars warmer and colder 
seasons strongly depend on the slope orientation). An-
other similar example can be seen in the HiRISE im-
age PSP_003674_1855; here streaks triggered by the 
impact are on south-facing slopes, and, unlike the pre-
vious case, the season of the impact is known [19], and 
this season is a few months after the insolation maxi-
mum on the south-facing slopes, when the subsurface 
is warmer. This observation again is in accord with the 
specific predictions of the "wet" mechanism.  

Conclusions:  We propose a "wet" mechanism of 
slope streak formation, which involves seasonal forma-
tion of concentrated chloride brines in the soil. This 
mechanism explains some observations better than the 
traditional "dry" mechanism; however, at the current 
state of knowledge the "dry" mechanism cannot be 
discarded. Accurate knowledge of shallow subsurface 
temperatures and systematic study of the seasonality of 
streak formation are necessary to further assess the 
plausibility of the "wet" mechanism. 
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