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Introduction: RSL are dark finger-like features in-

crementally lengthening down steep slopes (25º – 40º) 
[1-3]. Typically RSL emanate from outcropping bed-
rock, but they have also been detected starting from 
regolith or rocky patches of regolith. Evidence of surf-
icial material transport and spectral signatures of salt 
have not been detected [4]. New RSL locales continue 
to be identified in imagery. Currently, there are ~70 
locations distributed in three geographical regions: a 
southern mid-latitude band (SML: 31–52ºS), an equa-
torial band (EQ: 20ºS–20ºN), and a northern mid-
latitude band (NML: 34–38ºN). Here we compare and 
contrast our observations of RSL, thermal modeling 
based on the Mars Regional Atmospheric Modeling 
System (MRAMS, [5]), and interpretations of the RSL 
found at these latitude bands. We conclude that SML 
RSL are significantly different from both the EQ and 
NML RSL (which are similar to each other). 

 
Southern mid-latitude RSL band: SML RSL typ-

ically (1) are active from solar longitude (Ls) 248º ± 
11º to 314º ± 12º, or 104 ± 38 sols, (2) predominantly 
occur on the warm N- and W-facing slopes, (3) only 
flow when afternoon surface temperatures are >273 K 
(Fig. 1), and (4) are longer, more numerous, and ema-
nate from more sources including regolith when ob-
served just after the Mars year (MY) 28 global dust 
event (see [3,5] for more details). MRAMS simulations 
can explain the last point, finding that a similarly-
timed dust event could have led to warmer subsurface 
temperatures in the SML RSL band via increased 
downwelling IR. We find the restriction of RSL activi-
ty to afternoon surface temperatures >273 K compel-
ling evidence that SML RSL are activated and limited 
by temperature. 

 

Fig. 1. Modeled daily-maximum surface temperature (DMST) for 
a NW-facing slopes (all models assume slope 32° and thermal 
inertia of 301 Jm−2s−1/2K−1), Thermal Emission Spectrometer 
(TES)-, and Mars Climate Sounder (MCS)-derived surface tem-
peratures at SML RSL sites. RSL lengthen when afternoon 
surface temperatures are >273.16 K (horizontal blue line). 

Equatorial RSL band: EQ RSL can (1) lengthen 
at a given site year-round since RSL are located on the 
seasonally warmest slopes (Fig. 2), (2) lengthen half a 
year on a single slope, (3) reach to lengths of kilome-
ters (10x larger than SML or NML RSL), (4) densely 
cover scree slopes, (5) behave differently in adjacent 
valleys (e.g., one will be lengthening while the other is 
fading) (5) start lengthening when surface daily-
maximum surface temperatures (DMST) exceed 273 
K, and (6) stop lengthening just after the DMST reach-
es its annual peak. An example of the last point is at 
11.5°S, 290.3°E, where S-facing RSL reach their long-
est length when the DMST reaches its annual peak, 
around Ls 280° (Fig. 2). These RSL then largely fade 
even though their DMST remains >273 K until Ls 
~355°. At this same site, we also observe long-duration 
N- and NE-facing RSL that lengthen from Ls 315 until 
most likely Ls 200°. However, they do not flow from 
Ls 200–315° when modeling suggests their DMST is 
seasonally higher (Fig. 2). We interpret these observa-
tions to suggest that EQ RSL are limited by the volume 
of source water.  

 

 
Fig 2. Correlation between temperature and RSL lengthening 
for a crater on the floor of Melas Chasma (11.5°S, 290.3°E). 
(a) Afternoon derived surface temperature. (b) Modeled DMST 
as a function of slope orientation. (c) Lengthening as a function 
of slope orientation. RSL are always lengthening on at least one 
slope orientation and N- and NE-facing RSL last about half a 
year. 
 

Northern mid-latitude RSL band: NML RSL 
(1) predominantly occur on W-facing slopes, (2) 
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lengthen between Ls 355° ± 13° to 161° ± 8°, or 346 ± 
39 sols (Fig. 3), (3) start lengthening when surface 
DMST exceed 273 K, and (4) stop lengthening just 
after the DMST reaches its annual peak for W-facing 
slopes. RSL at the two confirmed NML sites length-
ened greatly (~100 m) between Ls ~330° and ~10°. 
After the initial burst of RSL activity, temperatures 
increase and the RSL either do not lengthen or only 
have minor lengthening. Similar to EQ RSL, we be-
lieve NML RSL must also be source-limited. 

 

 
Fig 3. Temperature and lengthening correlation for two NML 
craters (darker colors = 35.2°N, 327.9°E and lighter colors = 
37.2°N, 320.4°E). (a) Afternoon derived surface temperature. 
(b) Modeled DMST as a function of slope orientation. (c) NML 
RSL lengthening, showing that these RSL start when W-facing 
slopes exceed a DMST of 273 K, but stop before DMST has 
reached its annual peak. 
 

Discussion: Individual RSL in the three latitude 
bands possess similar features in that they (1) incre-
mentally lengthen down steep slopes, (2) typically em-
anate from exposed bedrock, and (3) only flow when 
daily-maximum surface temperature is >273 K. How-
ever, the seasonality, duration, length, and dependence 
with surface temperature all significantly vary.  

SML RSL (1) possess the shortest duration, (2) 
lengthen at the highest DMST, (3) do not lengthen 
when afternoon (MCS-derived) subsurface tempera-
tures are <273 K, and (4) are limited by temperature.  

EQ and NML RSL (1) possess much longer dura-
tions, (2) start lengthening when DMST exceed 273 K, 
(3) stop lengthening just after the DMST reaches its 
annual peak, and (4) are limited by source volume. If 
SML RSL were to lengthen like EQ and NML RSL, 
their duration would be Ls 145° to 240° or a season 
earlier than observed (Fig. 1). Furthermore, when wa-
ter enters the regolith it drastically increases the ther-
mal inertia, thereby lowering the DMST. Therefore, 

we favor shallow brine flows for EQ and NML RSL, 
although freshwater cannot be ruled out. 

The rarity of NML RSL (3 possible sites, compared 
to 35 SML and 30 EQ RSL sites) is probably due to 
colder northern temperatures associated with aphelion 
occurring during late northern spring. The number of 
EQ RSL sites will likely continue to increase, as there 
are many prime RSL locations (outcropping bedrock 
and steep slopes) within and around Valles Marineris.  

 
Conclusions: The vast majority of SML RSL are 

thin (~5 cm thick) subsurface freshwater flows (see 
[3,6] for more details). As fresh water is not stable at 
the surface, the top ~2 cm consists of thin films of wa-
ter that darken the surface. This cover of regolith al-
lows a decrease in evaporation rate [7] and a buildup 
of vapor pressure to allow liquid water without appre-
ciable solutes to flow during the warmest part of each 
sol even at pressures <7 mbar [6]. We suggest that 
water may never fully saturate RSL along their length. 
Instead, they would advance like raindrops on a win-
dow, as intermittent slugs of water overrun prior parts 
of the flow at residual saturation. This is consistent 
with observations of SML RSL, in that they achieve 
the majority of their length in their first 10s of sols and 
then incrementally lengthen [6,8]. However, they can 
surge if another burst of water comes from an RSL 
tributary. How SML RSL recharge year after year re-
mains unknown, although deposits of ice-rich material 
(e.g., LDM − latitude dependent mantle, concentric 
crater fill) are near these sites. 

EQ and NML RSL can lengthen on a single slope 
for half a Mars-year (Fig. 2 and 3). These RSL are 
also likely thin subsurface flows, but briny. Repeated 
RSL flows would flush their paths free of salts over 
time. Therefore, we cannot rule out that a briny aquifer 
is the ultimate source of EQ and NML RSL. Such an 
aquifer may be source limited, if the discharge rate of 
this aquifer leads to a drawdown in the phreatic surface 
causing the RSL to stop lengthening. When colder 
temperatures prevent discharge, the phreatic surface 
recovers, allowing RSL to flow in the next Mars year. 
While near-surface briny aquifers are thermally chal-
lenging, we cannot yet find another mechanism to re-
charge both salts and H2O on sub-annual timescales. 
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