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Introduction:  Gully landforms in the Martian 

mid-latitudes were described in 2000 by Malin and 
Edgett [1]. Due to their general resemblance to fluvial 
features on Earth, and particularly to the occurrence of 
small-scale channels, these features have been general-
ly interpreted as evidence for liquid runoff in recent 
Martian history [e.g, 1-6]. Recent surface water has 
major implications for both climate and habitability.  

Shortly before the 7th International Mars Confer-
ence, Malin et al. [7] reported new light-toned deposits 
associated with crater-wall gullies in the southern high-
lands. These were considered evidence for liquid water 
released from underground and flowing over the sur-
face of Mars within the previous decade.  

Since that time, frequent monitoring of the Martian 
surface has revealed a diverse assortment of activity, 
including extensive changes in gullies. These observa-
tions provide evidence that currently active processes 
are capable of forming most gullies (without requiring 
additional processes unique to past climate conditions), 
and call into question the role of liquid water and the 
extent of recent climate change.   

Observations: The initial searches for gully activi-
ty have now been extended using years of data from 
the Mars Reconnaissance Orbiter (MRO) High Resolu-
tion Imaging Science Experiment (HiRISE) and Con-
text Camera (CTX) [8-13]. Several early studies re-
ported indications of seasonality in gully activity [8-
11]. This was strongly supported by Dundas et al. [12], 
where frequent monitoring of several sites with 
HiRISE was used to constrain changes to winter or 
spring seasons, around the time of seasonal frost pres-
ence or defrosting. This observation suggests that a 
major control on present-day mid-latitude gully activi-
ty is the presence of seasonal frost, which is largely 
CO2. In addition, the temperatures on pole-facing gul-
lied slopes at this time make liquid water highly un-
likely. Traces of liquid water could form if water frost 
is suddenly heated upon removal of CO2 [14], but the 
small volumes of water that might be derived from 
current frost abundances are unlikely to have a relevant 
effect. Current activity is likely to be dry or driven by 
CO2 frost, as suggested by some early work [e.g., 15-
19]. In contrast, Recurring Slope Lineae (RSL), the 
most likely candidates for current surface liquid flow 
[20-21], are commonly found in association with small 
channels but not with the “classic” alcove-channel-
apron features usually termed “gullies.” 

When before-and-after HiRISE imagery is availa-
ble, topographic changes from current flows can be 
assessed. Some new deposits have no resolvable effect, 
which is consistent with anything from microns to cen-
timeters of material deposition. In other cases, topo-
graphic changes are observed, including formation of 
thick lobate deposits, movement of boulders, and vary-
ing degrees of channel incision [9, 12, 13]. In the most 
notable case (Fig. 1), a flow broke out of an existing 
channel and incised a previous shallow track. The re-
sulting new channel is ~50 m long, and demonstrates a 
process by which branched channels and formation of 
abandoned channel segments occurs. Channel sinuosi-
ty has been proposed as an indication of liquid water 
[e.g., 22], but erosion of channel outer banks has been 
observed and could lead to development of sinuosity.  

 
Figure 1: Channel incision and deposition on a 
crater-wall gully apron. Deposit (lower arrow) is 
similar in tone to adjacent material. Colors in B 
individually stretched for best match. (A: HiRISE 
image ESP_013115_1420. B: ESP_032011_1420. 
Light from left.) 

Some form of activity has been observed at 14% of 
HiRISE monitoring sites in the southern hemisphere, 
and 2% in the north [13], although there is a bias be-
cause some sites were imaged due to suspected activi-
ty. Several locations have been active repeatedly. This 
observation suggests a recurrence interval for activity 
in individual southern-hemisphere gullies on the order 
of centuries. The two examples of northern-hemisphere 
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activity considered confirmed are both much smaller in 
scale than the most prominent changes in the south. 
The difference in activity levels between hemispheres 
is statistically significant. Sites with fresh-appearing 
gullies are the most likely to be active [13].  

The deposits reported by [7] in Mars Orbiter Cam-
era (MOC) images were light-toned relative to the ad-
jacent surface. Three explanations were suggested: salt 
precipitation, fine grain size, or surface frost sourced 
from a wet deposit [7]. Salts were not detected in near-
infrared spectra (although some lack observable ab-
sorption bands), and the lack of change over a period 
of years makes surface ice unlikely [23, 24]. With nu-
merous additional examples and the higher signal-to-
noise ratio of HiRISE, it is clear that many new depos-
its (e.g., Fig. 1) are neutral or dark relative to their sur-
roundings [9, 12-13], and thus relative brightness is 
likely related to bulk composition, grain size or surface 
texture rather than the process driving activity.  

Gullies on sand dunes have also been found to be 
highly active [10-12]. “Linear” gullies may result from 
sliding CO2 blocks [e.g., 12, 25], but many dune gul-
lies have alcove-channel-apron morphologies identical 
to the “classic” landforms of [1] and likely form by 
related processes [12]. The recent discovery of wide-
spread sand motion [26] strongly suggests that most 
dune gullies are extremely young, since many have 
pristine morphologies that could be erased completely 
on kyr timescales [12] or less [27]. New alcove-apron 
features seen in the polar erg [27] lack channels but 
may form by similar processes.   

Implications: It now appears possible that most 
gullies are formed entirely by currently active process-
es [12, 13]. Bedrock erosion has not been observed, 
but many gullies are formed within the mid-latitude 
mantle [28]. The locations with the freshest-appearing 
gully landforms are the most likely to be active, chan-
nel incision is occurring today, and activity in the 
southern hemisphere is widespread.  

This discovery has potentially significant implica-
tions for the recent climate history of Mars. Gullies 
have been proposed as evidence for extensive melting 
of snow or near-surface ice in a different climate at 
high obliquity [e.g, 5, 6, 29-31]. There is no reason to 
doubt that obliquity variations have a major influence 
on the climate [e.g., 32-34]. However, the current rate 
of activity has likely been sufficient to substantially 
rework gullies from the last high-obliquity interval (0.4 
Ma), or even to form new gullies [13]; observed mor-
phologies can form today and are not diagnostic of 
conditions at recent peaks in obliquity. Although it is 
impossible to rule out a role for widespread and abun-
dant near-surface runoff in gullies, such conditions 
need not have occurred in climates of the (geological-

ly) recent past. If gullies form with little or no role for 
liquid water, then their relevance for planetary habita-
bility would be significantly reduced.  

This new understanding of the nature and im-
portance of gully activity is the product of over a dec-
ade of monitoring using many instruments, demon-
strating the value of a sustained observing program. It 
has been greatly aided by an improved understanding 
of other forms of present-day surface change [e.g., 20, 
21, 26, 27], demonstrating the interconnected nature of 
many different types of activity on Mars. Future efforts 
to understand the details of processes driving gully 
formation will benefit both from an increasing set of 
change-detection data and progress in understanding 
the nature and rate of other surface changes.  
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