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Introduction: Many slope features have been pro-
posed as potential evidence of liquid water on Mars 
(Figs. 1,2). In some cases, it has been argued that the 
water is from a past epoch when snowpacks or surface 
water were more abundant [e.g., 1-8] and that these 
landforms are (well-)preserved relicts. In other cases, it 
has been argued that the existence (and perhaps activi-
ty) of the feature is indicative of transient liquid water 
on present-day Mars [e.g., 9-15].  

However, with many landforms, the accumulation 
of data over the last decade (and especially the recent 
observations that narrowly constrain the timing of for-
mation activity of certain features [e.g., 10-20]) and 
progress in models tying morphometrics to formation 
or degration rates necessitate a re-evaluation of the 
broad picture. In this study, we aim to review the ob-
servations of classic gullies, linear gullies, Recurring 
Slope Lineae (RSL), and dark (dune) slope streaks  
presented over the past two decades (Table 1). From 
this, we will evaluate which types of features are most 
reasonable as evidence of past or present water.  

We will also use the latest estimates of erosion and 
feature formation/modification rates to estimate a typi-
cal timescale of formation or degradation of each type 
of feature, and thus constrain their maximum ages.  

 

  
Figure 1. Both classic gullies (alcove-channel-apron; left) and 
linear gullies (right) are found on crater walls, hill slopes, and 
dune slopes. Initially both were ascribed to debris flows (con-
taining ~10% water by volume), fed by shallow ground water 
aquifers [9] or melt from ground ice formed during a period of 
high obliquity [6], respectively. However, recent studies have 
shown that both features are forming in the present-day climate 
and the timing of such activity is most consistent with a driving 
process related to seasonal CO2 frost sublimation [16-18], alt-
hough an aeolian control has been proposed for alcove-channel 
gullies found on the N polar dunes [19].  

  
Figure 2. These dark streaks are found on different surfaces 
and are active in different seasons. Recurring Slope Lineae 
(RSL; left) are active during warm seasons and thus all hypoth-
eses have focused on some type of fluvial origin, either brines 
[12,13] or fresh-water [13,14]. Dark slope streaks (right) found 
on frosted dune slopes have been attributed to fluvial [15], 
mass-wasting [16], and aeolian processes [16,20].  

For a liquid water-based process: Many of these 
slope features extend over slopes that are beneath the 
“dynamic angle of repose” [21], have long run-out 
lengths, and exhibit sinuosity. Additionally, these fea-
tures have morphologies similar to landforms that on 
the Earth are often formed via water-driven processes, 
and contain morphologies such as deviations around 
obstacles, lobate or digitate ends, and levees. Finally, 
many of these features are found in regions where wa-
ter frost may accumulate during the winter, and then 
melt in the summer (although perhaps only yielding 
relevant amounts during a past climate).  

All of these factors have been reported as support 
for the idea that liquid water may have been involved. 
However, such morphologies can be created via dry 
processes [e.g., 18,22,23] and the invocation of a fluvi-
al process leads to additional questions that require 
reasonable answers: How much water would have been 
needed? Where did that water come from? In which 
season/epoch is/was that much water available? 
Alternate hypotheses: Other hypotheses put forward 
for the formation of these features can be loosely 
grouped into two areas: 

 (1) Dry mass-wasting: These processes can be 
based on spontaneous destabilization of the slope, pos-
sibly initiated by a marsquake or nearby impact. Alter-
natively, they could be controlled by aeolian processes 
that both steepen and destabilize the slope [e.g., 
16,19,24,25]. In the first case, we expect the location 
and timing to be random (controlled only by where 
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vulnerable slopes can be found); in the latter these 
characteristics may be additionally dictated by local 
weather patterns. 

(2) Seasonal frost-related processes: Every winter, 
the martian surface is coated with frost (primarily CO2) 
down to ~50° latitude, reaching 34° or less on pole-
facing slopes. Many types of surface changes, even in 
the mid-latitudes, appear correlated with frost sublima-
tion and various mechanisms have been proposed for 
how CO2 blocks [18] or vapor [26] may enhance ero-
sion or transport. In this case, the timing of the activity 
will be seasonally constrained and locations are con-
trolled by frost accumulation/sublimation. 
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 Classic Gullies [1-
5,9,10,16,17,19,23-25] 

Linear gullies  
[6-8,11,17,18]

RSL [12-14] Dark (dune) slope 
streaks [15,16,20]

Typical width x 
length in meters 200 x 1000 5 x 100 (-1000) 2 x 100 2 x 50 

General shape/ 
characteristics 
 
 
 
 
 
 
 

    

Surface Material Rocky crater wall, 
Sand dune 

Sandy (crater walls 
or dunes) 

Rocky, Dark Frost covered sand 
dune 

Slope orientation Polefacing in midlati-
tudes, w/ transition to 
equatorfacing pole-
ward of 45°S, and var-
ied poleward of 50°N 

Pole-facing only Slopes that are 
warm (>250 K) 

 

Various 

Global distribu-
tion 

Poleward of ±30°, 
mostly 30-40° 

30-70°S 40°N-60°S > 70°N and 40-50°S 

When active 
(present-day)? 

Late winter-early 
spring 

Early spring Only season with 
warmest temp. 

Winter-early spring 

Degradation 
timescale 

Centuries (infilling of 
dune gullies) or Mille-
nia+ (crater gullies) 

<1 yr for new ~1m 
wide troughs, longer 
for large features 

Weeks to Months Disappear when 
frost sublimes 

Estimate of water 
to form a feature 

102-103 m3 102-104 m3 for larg-
est (Russell) 

2-10 m3 Only interfacial 
water is available 

Table 1. A preliminary summary of mass-wasting feature characteristics, as reported in the literature since ~2000. 

 
 

 

Triangular 
alcove 

Triangular deposit/ 
apron 

Often has a  
v-shaped channel 

Narrow, 
follows 
topography Abrupt end or 

terminal pit(s) 

  Starts in 
rocky 
material 

 

    

Mostly linear, 
sometimes 
braided 

Can extend from 
dark spots, bright 
haloes 

Digitate ends 

Can be sinuous, 
often have levees 

Small alcoves 
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