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Introduction:  Distinct, geologically young gullies 

on Mars have been taken as evidence for surface liquid 
water in the recent past [e.g. 1]. A variety of formation 
processes have been suggested. Fresh, unmodified de-
posits are found in association with many gullies. Sev-
eral of these have been observed to form in the decade 
since the gullies were initially observed by the Mars 
Orbiter Camera (MOC) [2]. To better understand the 
current evolution of gullies on Mars, we have exam-
ined images from the High Resolution Imaging Sci-
ence Experiment (HiRISE) camera to find recent de-
posits.  

Image Survey: We examined all Extended Science 
Phase HiRISE images with center latitudes between 
20°-60° N and S, and all Primary Science Phase im-
ages including the words “gully”, “gullied” or “gul-
lies” in the description. Dune gullies were examined in 
a separate study [3]. We noted the existence of depos-
its which were distinct in color or tone, and which 
showed no significant modification such as eolian rip-
ples or smeared edges. These were classified as fresh 
deposits, and are likely to have formed very recently. 
We examined preexisting HiRISE, MOC and Context 
Camera (CTX) images to determine if it was possible 
to constrain the formation date of each deposit.  

We found nearly fifty deposits which we classified 
as fresh, although in most cases a formation time could 
not be determined. Only two deposits in the northern 
hemisphere were considered definitely fresh, while a 
few others were marginal candidates. Southern-
hemisphere fresh deposits equatorwards of 40° S 
showed a strong tendency to occur on pole-facing 
slopes, while those south of that latitude had no such 
tendency. These orientation preferences resemble those 
of gullies as a whole [4-6]. Both relatively bright and 
relatively dark fresh deposits were observed.  

The formation times of a number of the new depos-
its could be constrained to within one Mars year (Fig. 
1). The intervals show a tendency to include winter 
and exclude summer. This tendency is also observed in 
dune gullies with the classic alcove-channel-apron 
morphology [3].  

For two new deposits in Gasa Crater (35.7° S, 
129.4° E), before-and-after HiRISE coverage allows 
very small changes to be observed. In these cases, dis-
tinct topographic changes are observed, including 
movement of meter-scale boulders and erosion or bur-
ial of meter-scale topography within a channel (Fig. 2). 
This site also highlights the fact that some new depos-

its have relatively little tonal contrast with their sur-
roundings, but are very distinct in HiRISE color.   

 
Figure 1: Formation intervals of new gully deposits con-
strained to within one Martian year. (Not all deposits 
formed in the same year.) 

Discussion: The similarity of the latitudinal and 
orientation distributions of fresh deposits and all gul-
lies suggest that the process or processes creating these 
deposits can act on most gullies under current condi-
tions. Topographic changes are significant in at least 
some cases; these are not simply thin veneers or albedo 
changes. Hence, the fresh deposits examined here indi-
cate movement of significant amounts of material 
within current gullies, and thus an important contribu-
tion to their morphological evolution.  

The tendency of the activity timing intervals to in-
clude winter and exclude summer suggests that a sea-
sonal process contributes to this activity. It is very dif-
ficult to produce geomorphically relevant quantities of 
liquid water in the current Martian climate, particularly 
in the winter. Suggested liquid-water mechanisms for 
gully formation include groundwater release [1], 
snowmelt [7], and melting of near-surface ground ice 
[8]. In the present climate, ground ice and seasonal 
water frost will likely sublimate before melting [9-10], 
remnant snow from high obliquity is not plausible [11], 
and no water table has so far been detected by sound-
ing radar [12]. Even under optimal conditions, melting 
of seasonal frost at present would produce very small 
water volumes [13] unlikely to move boulders.  
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Other proposed mechanisms for gully activity in-
volve frost, particularly CO2, in several fashions [5, 
14-16]. CO2 frost forms on pole-facing slopes at lati-
tudes as low as 30° S and can form accumulations of 
many centimeters [17]. These mechanisms would pref-
erentially operate during the winter, when frost is most 
abundant. However, some fresh deposits do occur on 
equator-facing slopes where seasonal frost is unlikely; 
these are more likely to be dry granular flows, which 
are consistent with many properties of recent deposits 
[18-19].  

Like gullies and associated fresh deposits, CO2 
frost  preferentially occurs on pole-facing slopes, espe-
cially at lower latitudes. A role for CO2 frost in gully 
evolution could also explain some differences between 
northern and southern hemisphere gullies. Southern 
winters are currently longer and colder than northern 
due to Mars’ orbital eccentricity, which causes CO2 
frost to accumulate in greater amounts and at lower 
latitudes in the south [17]. Northern hemisphere gullies 
are more degraded than those in the south [20] and we 
have observed less evidence for recent activity there.  

The two new gully deposits observed in Gasa Cra-
ter likely formed during southern autumn or winter. 
Topographic changes at these sites demonstrate that 
significant movement of material from the upper chan-
nels or alcoves to the aprons can occur in the current 
climate. Since dry flows may also be capable of form-
ing channel-like features [21], it is at least possible that 
a combination of dry flows and frost processes are 
responsible for gully formation without liquid water.  

Conclusions: Martian gullies show evidence for 
significant recent activity, including mass movements 
leading to topographic changes. This activity shows 
some seasonal tendencies, and may be related to sea-
sonal frost. Further investigation is needed to deter-
mine the extent to which such processes are involved 
in the formation and evolution of gullies.  
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Figure 2: Changes at two sites in Gasa Crater (35.7°  S, 
129.4°  E). Left-hand (before) images are from 
PSP_004060_1440 and right-hand images are from 
ESP_012024_1440. Both show a variety of definite and 
possible topographic changes; arrows indicate the most 
distinct. Top pair: a ridge in the channel is buried and/or 
eroded. Bottom pair: Boulders have moved many meters, 
and other topographic changes are possible. The left cut-
outs have an incidence angle of 43°  and the right have an 
incidence angle of 57° , so some subtle changes may be 
due to different lighting. Scale bar applies to all sub-
frames.  
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