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I. Introduction
• Sand dune avalanches within the North Polar region of Mars occur seasonally 

due to sublimation of CO2 frost on the dune’s surface [1-4].  

• Typically, these avalanches consist of an alcove that transitions into a 
depositional apron, known as an Alcove-Apron (AA) morphology.  However, 
channels have been also identified between the alcove and apron in a north 
polar dune field dubbed Palma, located approximately 95°E 76°N . This is the 
first north polar dune field observed to have ACA morphologies.  ACA 
morphologies had previously only been identified within southern mid-latitude 
dune fields [4-5].

• Our aim is to understand why channels form between the alcove and apron in 
some dune avalanches but not in others. We investigate potential controls 
including dune slope and alcove size.

• Further analysis of these morphologies and identification of the processes 
forming them will help us understand dune evolution as well as other CO2

seasonal processes on Mars.

IV. Discussion/Conclusion
• Via comparison of the AA and ACA pre-avalanche slope profiles, we find no 

clear evidence that dune slope influences channel formation.  The slope 
range for the alcove-channel and alcove-apron transitions are similar (~15-
28°), thus suggesting dune slope does not influence channel formation.

• However, alcove volume and dune height may play a role in channel 
formation.  The ACAs tend to form on larger dunes but also have smaller 
alcove volumes compared to the AAs at the same dune height. For 
example:

• Large amounts of sand that is transported downslope on 
smaller dune heights will yield an AA.  

• On larger dune heights, sand that is moved downslope have a 
longer slope distance within which channels are able to form, 
thus creating the ACA morphology.

• Or on smaller slopes, could sand from the alcove fill in and 
cover the channel?

• Fluidization could also play a role in channelization.  This process occurs 
when the frozen CO2 undergoes sublimation below a layer of sand, causing 
the sand to act as if it were a fluid [6].  This process could only occur if the 
dune height was high enough for the sand to build up sufficient momentum 
and/or volume while still moving over a high slope.

• Further analysis of these morphologies and the mechanisms forming them 
will help us understand dune evolution as well as other CO2 seasonal 
processes on Mars.
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• Sand dune avalanches are 
identified throughout the 
north polar dune field, dubbed 
Palma.  HiRISE Image:  
ESP_018525_2565

• The alcove’s planform length 
and width and the planform 
dune height are measured in 
JMARS, an open-source GIS 
software.  The volume of sand 
from the alcove moving 
downslope is estimated by 
assuming the depth of the 
alcove is 1/100th of the alcove 

width:  volume = 
𝑙∗𝑤2

200
.

• Pre-avalanche slope profiles 
for 5 representative AA and 
ACA avalanches are calculated 
by measuring the elevation 
profiles from a digital terrain 
model (DTM) over locations 
where avalanches form in 
Mars Year (MY) 31.  The 
representative avalanches are 
chosen based upon locations 
on the dune that has no 
avalanche activity in MY30.

• AA and ACA Pre-avalanche 
slope profiles are then 
compared and are shown in 
the results section.  The DTM 
was generated using stereo-
pair images taken in MY30 and 
is available on the HiRISE 
website.
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II. Methodology

III. Results

The AA and ACA pre-flow slope profiles for the representative formations are plotted in their respective plots.

• The slope range at the alcove-apron transition for the pre-flow AA 
slope profiles range from 15-25°.  The blue line represents the mean 
slope from the representative slope profiles.

• The slopes at the alcove-channel transition for the ACA pre-avalanche 
slope profiles range between 14-29°. The blue line represents the 
mean slope from the representative slope profiles.

• ACA avalanches (shown in green) form (1) on 
larger dunes (”dune height” corresponds to the 
planform length of the dune lee slope) and (2) 
with larger planform dune heights with smaller 
alcove volumes than compared to the AA (red).
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• Post-avalanche ACA elevation profile, drawn in a DTM generated by 
NG from a HiRISE image stereo-pair taken in MY32.  The dip 
represented by the arrow represents the alcove.  The elevation then 
increases, causing a negative slope in the slope profile.  Sand begins to 
accumulate as the avalanche reaches the bottom of the dune, creating 
irregular bumps within the apron.
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Does alcove volume and dune height influence channel formation?

Does dune slope Influence channel formation? 
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