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Introduction:  Slope streaks are enigmatic, active-
ly forming albedo features [1] occurring on slopes in 
high-albedo, low-thermal-inertia, dust-rich equatorial 
regions on Mars. They are a specifically martian phe-
nomenon with no direct analogs on the Earth. Their 
morphology suggests that the streaks are initiated at 
their upslope tips and propagate down to their termini; 
however, the physical mechanism of their formation is 
uncertain. Recent works [e.g., 2] emphasized that all 
proposed formation mechanisms, both “dry” (dust 
avalanches) [1] and “wet” (percolation fronts) [3,4] 
mechanisms cannot consistently explain all observed 
peculiarities of this phenomenon. Here we report on 
observations of anomalous slope streaks deflecting 
from the regular downslope direction and discuss their 
possible formation mechanism. 

Observations. On hill slopes in Zephyria Planum 
(Fig. 1) we observe two anomalous slope streaks that 
deflect from the strict downhill direction, while all 
other regular slope streaks are consistently directed 
downhill. The anomalous slope streaks cross the regu-
lar ones at 10 – 15° angle; they are ~1 m wide with 
local thicker (2 – 2.5 m) segments. In one case a nar-
row slope streak of regular downhill direction parallel 
to the other regular slope streaks branches off from the 
anomalous streak.  

Interpretation and discussion. Deflection of the 
anomalous streaks should have a special explanation. 
We suggest that these streaks are formed along traces 
of rocks rolling downhill. There are scattered rocks on 
the slopes in this location (Fig. 1); they have rather 
isometric, rounded shape, and it is possible that some 
rocks detached and rolled down recently. Deflection of 
rolling rocks from the gradient line is natural. Steep 
slopes on Mars and especially on the Moon often have 
markings made by rolling rocks; they usually deflect 
and cross each other; apparently, this occurs due to 
irregular shape of the rocks. Rolling rocks might also 
be deflected by strong winds blowing through the val-
ley between the hills; strong winds there are consistent 
with high transverse aeolian ridges on the valley floor. 
We do not observe distinctive rocks at the terminal 
points of the anomalous streaks. They are likely to be 
too small and not resolved in the images. Small (<0.5 
m) barely resolved rock at the end of one anomalous 
streak (Fig. 1a) might be the rock produced the anom-
alous streak. 

The observed anomalous slope streaks are signifi-
cantly wider than the size of boulders producing them. 
This is naturally explained in the frame of the “wet” 
mechanism of slope streak formation described in [4]. 
The sequence of processes initiated by rolling of a 
rock is the following. Rock passage causes soil com-
paction, which leads to physical contact between de-
hydrated salt grains from upper, ice-free layer with ice 
in a lower, ice-rich layer, which in turn leads to for-
mation of liquid brines, their wicking both horizontal-
ly and to the surface, partial evaporation and crystalli-
zation of hydrated salts. This causes the same type of 
surface disturbance as propagation of regular slope 
streaks, and the same darkening effect in a widened 
(due to wicking) rolling rock trace. Heating (from -
50°C) and melting of 1 kg of ice requires 31.5 kcal of 
heat, while crystallization, for example, of hydrated 
magnesium perchlorate Mg(ClO4)2•6H2O with the 
same amount of H2O produces 302.9 kcal of heat, 
therefore, the process is energetically plausible, highly 
exothermic, and therefore, can be self-supporting. 

Rolling rocks, when stopped, triggered formation 
of short regular slope streaks. Here the forced contact 
between salts and ice produced sufficient amount of 
brine to initiate filtering downhill through the perme-
able ice-free soil in the gap between the surface and 
icy substrate. On its way downhill, brine dissolved and 
incorporated new parcels of salt and ice, thus compen-
sating brine losses for evaporation and crystallization 
[4]; in this way, the downhill propagation of this type 
of percolation front could be self-supporting. The reg-
ular slope streak branched off from the anomalous one 
(Fig. 1a) was triggered at a small boulder, where con-
ditions, probably, were favorable for formation of 
more brine and initiation of filtering downhill. 

The considered mechanism requires the presence 
of a shallow impermeable substrate, which we assume 
to be a layer filled with pore or excess ice. Although 
such ice is currently known to be unstable in this re-
gion of Mars [e.g., 5], it can be a transient relic of a 
very recent epoch of different, wetter climate [6]. Al-
ternatively, its presence might be supported by slow 
ongoing migration of H2O from deeper subsurface to 
the atmosphere.  

Conclusion. We reported observations of anoma-
lous, deflecting slope streaks and interpreted them as 
traces of small rolling rocks widened by capillary 
wicking of brines formed in the shallow subsurface in 
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accordance with the “wet” slope streak formation 
mechanism [4]. Such widening is difficult to explain 
in the frame of any “dry” formation mechanism.  
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Fig. 1. Anomalous deflecting slope streaks in Zephyria 
Planum; from HiRISE image ESP_048826_1785, cen-
tered at 1.5°S 157.2°E. 
1, 2, hill slopes facing each other; 3, valley between 
them covered with transvers aeolian ridges; 4, regular 
slope streaks, consistently directed downhill along 
topographic gradient; 5, anomalous slope streaks, de-
flecting from the regular slope streak direction; 6, slope 
streak of the regular direction branching off from the 
anomalous slope streak; 7, the branching point coincid-
ing with a small obstacle, possibly, a rock; 8, small 
barely resolved rock, possible candidate for the rolling 
rock produces the anomalous slope streak; 9, terminal 
segments of the anomalous slope streaks that are 
aligned with regular slope streak directions.  
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