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Introduction: Mars’ winters are sufficiently cold 

that carbon dioxide condenses from the atmosphere 

onto the surface [12]. Its sublimation in the spring 

can mobilise dust and other sediments and on mar-

tian sand dunes can cause mass wasting features [1, 

e.g., 16]. These mass wasting features come in a 

variety of forms, including: i) classic gullies – up to 

kilometre-scale features with a tributary alcove often 

extending to the dune crest, a somewhat braided and 

sinuous transport channel and a terminal depositional 

fan [2, 13, 14], ii) linear gullies - up to kilometre-

scale features dominated by a parallel-sided channel 

with marked levees, which can be extremely sinuous 

[1, 8, 10, 15]. The alcove is limited to shallow tribu-

tary channels near the dune-crest and the termination 

of the channel is abrupt and rounded often surround-

ed by individual pits, iii) recurrent diffusing flows 

(also called perennial rills) – ephemeral hundred-

metre scale features with shallow converging and 

diverging channels of similar depth to the dune rip-

ples, and can have associated pits , and iv) alcove-

fan features: hundred-metre scale features character-

ised by a niche cut into the dune slip face directly 

connected to a depositional fan at the base of the 

slope with no visible channel(s) [21]. Features i-iii 

have only been documented in the southern hemi-

sphere, where the seasonal deposition of CO2 ice is 

known to be thicker and more pure [7].  

Dinwiddie and Titus [3] were the first to notice 

that activity in linear dune gullies was accompanied 

by lofted dust clouds, which then leaves a bright halo 

around the dark core of the active linear gully. This 

halo had been noted by previous studies [8, 15], but 

not connected to lofted dust. Pasquon et al. [13] also 

noted a similar bright halo around new deposits of 

classic gullies on dunes. Hence, these halos seem to 

be a good indicator of recent activity independent of 

the type of mass wasting process. Therefore, in this 

study we search for these bright halos in all available 

orbital imaging data to better understand the influ-

ence of the seasonal defrosting on sediment transport 

within these dune fields. 

Approach:  To search for halos we use orbital 

image data from: i) NASA Mars Reconnaissance 

Orbiter High Resolution Imaging Science Experi-

ment (MRO HiRISE) at 25-50 cm/pix which takes 

images with a ~5 km wide swath with a central ~0.5-

1 km-wide colour strip [11], ii) ESA’s Trace Gas 

Orbiter Colour and Stereo Imaging System (TGO 

CaSSIS) at 4.5 m/pix which takes colour images 

with a ~2-8 km wide swath [20], and iii) MRO Con-

text (CTX) monochrome images at 6 m/pix and a 

~25 km swath width [9]. Colour images allow us to 

best identify halos, whereas monochrome images 

only allow halos to be identified when they form on 

an ice-free dune surface (the albedo of ice and the 

halo are very similar). We initially searched 

dunefields with gullies as listed in [2, 15] and ex-

panded this search to surrounding dunefields. We did 

not systematically examine every dunefield. 

Each halo was mapped with a point feature and 

associated with the metadata of the image in which it 

was first observed. To understand the orientation of 

the duneslopes on which the halos originate, we dig-

itised lines that represent the mean downslope direc-

tion where halos are found and associated a line ori-

entation with each halo point. 

Figure 1: Symbols 

indicate the 

dunefields examined 

during this work on 

a colourised and 

hillshaded topo-

graphic map from 

MOLA, where red 

colours indicate 

high elevation and 

blue, low elevation. 



 

 

  

Results:  In total, we identified 878 halos across 

17 southern hemisphere dune fields, in 197 images: 

152 from HiRISE, 37 from CTX, and 8 from CaSSIS 

(Figure 1). 387 halos are associated with classic dune 

gullies, 239 with linear dune gullies and 525 with 

recurrent diffusing flows. Dark pits are found in 65 

cases associated with halos, as also found at the clas-

sic gully on Kaiser dunefield by Pasquon et al. [13]. 

The halos are first observed at solar longitude 

(Ls) 67° and continue to appear until Ls 230° (note 

that Ls 90° is the spring equinox and 270° is the 

summer solstice in the southern hemisphere; Figure 

2). While the study focused on identifying halos, so 

not all dune fields were systematically searched, for 

46 of the reviewed dunefields halos were not identi-

fied, despite images falling within the expected lati-

tude and solar longitude ranges (Ls 50°-250°). 

The orientation of the duneslopes on which halos 

are found varies systematically with solar longitude 

and also with latitude – south-facing slopes only host 

halos towards the end of the defrosting season and 

the lowest latitude sites only have halos on south-

facing slopes (Figure 2). North-facing slopes rarely 

host halos, where the majority of these detections are 

in Kaiser Crater dunefield. Halos are rare at latitudes 

equatorward of 45°S and poleward of 55°S. 

We find two principal configurations of frosted 

in and defrosted surfaces in association with halos: i) 

the top of the duneslope is defrosted and the halo is 

found superposed on the frosted slope below, ii) only 

the top of the duneslope has frost and the halo is 

found on the (mostly or completely) frost-free 

duneslope below (Figure 3). 

Discussion and conclusions: Our study reveals 

that dusty halos appear annually between Ls 67° and 

230° (spring to early summer) on dunefields between 

Figure 2: Distribu-

tion in latitude and 

time (Solar Longi-

tude “LS” in de-

grees) of the re-

viewed image data 

with coloured 

points indicating 

the identified halos 

and the orientation 

of the duneslope 

hosting them. Note 

that the y-axis is 

ordered by increas-

ing latitude, but the 

scale is not linear. 



 

 

45°S and 55°S with some rare observations outside 

this latitude range. These latitudinal constraints 

match with the observed distribution of linear and 

classic dune gullies as reported in previous studies 

[2, 15], and the seasonal timing matches with previ-

ously reported activity in martian gullies in general 

[2, 4–6, 15].  

Our observations support the hypothesis that ha-

los are a direct result of rapid CO2 sublimation 

caused by the contact of defrosted (and relatively 

hot) sand encountering frosted materials [18]. As the 

locations of frosted and defrosted surfaces changes 

during the retreat of the seasonal ices in the spring, 

so do the locations/orientations of halos (Figures 2 

and 3). Halos are associated with a variety of mass 

wasting processes and importantly occur on dune 

slopes without any kind of gullies, showing CO2 

sublimation-driven mass wasting processes drive 

more sediment transport than represented by these 

landforms. 

We suggest that halos are rare poleward of 55°S 

because the seasonal ice deposits are more continu-

ous [7, 17] and the temporal window during which 

defrosted and frosted surfaces co-exist in proximity 

is limited compared to lower latitudes. Another im-

portant factor is the availability of steep slopes to 

drive mass wasting – dunefields located polewards 

of 55°S have systematically fewer slipfaces (steep 

slopes) than those at lower latitudes [19]. 

Equatorward of 45°S, we suggest that CO2 sea-

sonal ice deposits become too thin and discontinuous 

to support mass wasting on dunes. This observation 

is somewhat puzzling because active gullies outside 

dunefields are found equatorward of 45°S and are 

thought also to be driven by CO2 sublimation pro-

cesses [4–6]. We suggest that the type of seasonal 

CO2 ice on dunes may change from continuous por-

tions of slab to more granular frost at this latitude, 

explaining this disconnect in activity between the 

two gully-types. 
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Figure 3: left west-facing dune slope with halos on frost around dark mass wasting features originating from 

the defrosted dune crest in HiRISE image ESP_045825_1325 taken at Ls 148° on Kaiser Crater dunfield and 

right a south-facng slope with a halo around a dark mass wasting feature originating from a dune crest with 

frost in HiRISE image ESP_073149_1300 taken at Ls 185° on Matara Crater Dunfield. 


