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Fig. 1: Map of 351 minor troughs above the Massive CO2 
Ice Deposit within the annual minimum extent of the bright 
South Polar Residual Cap (SPRC). Another few dozen are 
apparent poleward of the SPRC (toward bottom right of im-
age). MOLA [1] elevation overlay on CTX Mosaic [2]: (red, 
high) ~4750 m, (low, blue) ~1850 m. 
 

Introduction: Mars’ South Polar Massive CO2 Ice 
Deposit (MCID) reaches over 1 kilometer thick in 
some locations and has a mass approximately equal to 
Mars’ current atmospheric mass [3-5]. The MCID is 
overlain by a ~10s-of-meter thick layer of H2O ice [3, 
4, 6], known variously as Unit Aa4a [7, 8] and Bound-
ing Layer 3 (BL3) [4]. The Aa4a H2O ice layer is in turn 
topped across most of its areal extent by a ~<10-meter 
layer of perennial CO2 ice called the South Polar Resi-
dual Cap (SPRC; Aa4b) 98]. The MCID exchanges CO2 
with the atmosphere and regolith over the course of 
Mars’ obliquity cycles [4, 10-12]. During periods of 
decreasing obliquity CO2 deposits onto the MCID and 
during periods of increasing obliquity, such as at 
present [13], CO2 sublimes from the MCID into the 
atmosphere, through the Aa4a H2O ice layer [11]. The 
MCID is also thought to experience substantial viscous 
glacial flow [14]. Both CO2 ablation and flow should 
lead to morphologic evolution of the surface of the 
MCID and the capping Aa4a H2O ice layer. 

Although much attention has been paid to the mor-
phology of the SPRC [e.g., 15], detailed description of 
the morphology of the Aa4a H2O ice layer has been 
neglected. Whereas some features qualitatively sugges-
tive of ablation and glacial flow, e.g., ~10-km-scale 
minor troughs (Fig. 1) have been reported [3, 14], they 
have not yet been described in sufficient detail to as-
sess consistency with model-based predictions regard-
ing MCID ablation and glacial flow. Therefore, we 
present here a map and quantified measurements of 

morphological features in the Aa4a H2O ice layer. This 
new data will be essential for understanding how these 
features form, how CO2 cycles between the MCID, 
atmosphere, SPRC, and regolith, and how the Aa4a 
H2O ice layer affects MCID CO2 cycling.  

Methods: We use 6 m/px Context Camera (CTX) 
[16] and 25-50 cm/px HiRISE [17] images taken from 
on board the Mars Reconnaissance Orbiter to map Aa4a 
H2O ice layer morphological features. Topographic 
measurements and local slope measurements were ob-
tained using the High Resolution Stereo Camera 
(HRSC) [18] 50 m/px Digital Elevation Model (DEM) 
mosaic described in [19] and the 50 m/px CTX DEM 
mosaic described in [20]. 

We mapped minor troughs at 1:100,000 scale. Mi-
nor trough extent was mapped based upon albedo and 
morphologic characteristics. The minor troughs gradu-
ally grade into the surrounding terrain, so the maxi-
mum extent of the dark albedo region associated with 
the trough morphology in MY 28 at the seasonally 
latest observation time available (typically solar longi-
tude LS ~330-350°) was used in order to obtain a con-
sistent demarcation across all mapped features, includ-
ing locations where topographic information is not 
available. All image co-registration, mapping, and oth-
er quantitative measurements were performed in mar-
tian polar stereographic projection using ArcMap 10. 

Trough Orientations: Trough orientation was cal-
culated using the ArcMap 10 Minimum Bounding 
Geometry tool. Local slope orientation was defined as 
the average orientation of the nearest three 100-meter 
HRSC DEM isohypses (that do not fall within the 
mapped trough area) taken at 1-km intervals within the 
intersection of the isohypse and minor-axis-parallel 
extension of the minimum width bounding rectangle of 
each trough. 

Trough Transects: Transects were taken parallel to 
the short axis of the minimum width bounding rectan-
gle of each trough. Transects were taken with 500 m 
spacing, starting from the line bisecting the minimum 
width bounding rectangle. Along each transect, the 
elevation profile from both the HRSC and CTX DEMs 
were taken, subject to data availability.  

Subsurface Radar Transects: Equatorward of 87° 
S, subsurface maps of the interface between the MCID 
and underlying South Polar Layered Deposit (SPLD) 
are available from the Shallow Radar (SHARAD) in-
strument [5, 6], which we use to obtain subsurface 
profiles of MCID thickness and basal topography be-
neath minor troughs. 

Results: Trough Orientations. As an ensemble, 
the short-axis of the troughs are oriented mostly paral-
lel to the local slope, but with a slight, ~15° mean, bias 
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toward the equator (i.e., the orientation is slightly 
above zero; Fig. 2). This indicates that the troughs are 
dominantly oriented along what would be the direction 
of greatest extensional stress if the CO
glacially, supporting a hypothesis that they are cr
vasse-analogs in a CO2 glacier. The slight bias toward 
the equator supports an interpretation that another fa
tor, perhaps differential sublimation due to varying 
insolation angles along minor trough long a
darily modifies their morphologic evolu

Fig. 2: Trough orientation relative to local slope (area
weighted bins). 

Trough Transects. Fig. 3 shows a cross
transect through a typical trough. The vertical dashed 
lines indicate the extent of the dark albedo portion of
the trough, which correlates strongly with surface t
pography. The trough is approximately 100 m deep 
and 10 kilometers across. The trough is associated with 
a substantial slope break near the margin of a few
hundred-meter-thick subsurface valley 
The subsurface valley itself is likely analogous to the 
spiral troughs in the North PLD, and appears to be 
containing a flowing mass of CO2, based upon co
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fined, downslope-oriented convex surface contour 
lines [see 14]. In aggregate, the total surface
troughs compared to the planview area of the MCID is 
about 4% and the total “empty” volume within the 
troughs is approximately ~1-4% 
depending on the volume calculation method.

Discussion and Conclusions: 
lometer-to-100-kilometer-scale troughs in the water ice 
lag layer capping Mars’ MCID within the minimum 
annual areal extent of the SPRC, which is a complete 
census. The location, distribution, and morphology of 
the troughs indicates that they are likely analogous to 
crevasses in water-ice glaciers, supporting the hyp
thesis that the MCID undergoes glacial flow.
point, it is not yet clear whether localized sublimation 
at troughs dominates MCID mass flux, as compared to 
potentially even sublimation of CO
area of the MCID. This will be addressed in ongoing 
research, including morphologic analysis of other fe
tures in the Aa4a H2O ice layer, such as 
mocks, scallops, pits, and polygonal fractures.
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