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Introduction  The longevity and current mass bal-

ance of the Residual South Polar Cap (RSPC) of Mars 

likely reflect both global and local influences on depo-

sition and removal of CO2 ice.  Global (or hemispheri-

cal) topography and winds affect both the amount and 

character of deposition [1,2].  Local topography also 

influences deposition [3,4]. Studies of the current polar 

mass balance using images have found exmples of 

deposition during the period of spacecraft (S/C) obser-

vation [5,6] but net deposition is patchy on several 

scales [7,8]. 

Complete coverage of the RSPC at several times 

over more than 4 Mars years by the MRO Context im-

ager (CTX ~6 m/pixel) now allows direct mapping of 

erosional changes such as scarp retreat, but also locates 

changes that do not fit into the expected simple pattern 

of growth or decay of areas of ice coverage.  Many of 

these changes seen at higher resolution in MOC and 

HiRISE data involve inversion of relief: relatively high 

areas subsequently become relatively low. Relief inver-

sion is caused by different responses of adjacent mate-

rials to deposition and/or erosional processes.  

Inverted relief in the RSPC.  Inverted relief in the 

RSPC was first identified in MOC images showing 

distinctive topographic outlines of depressed areas that 

normally define positive relief mesas [9], Fig. 1. The 

example in Fig. 1 was identified simply because the 

distinctive shape of the depression matched character-

istics of eroding mesas; no time sequence of images 

was available.  A few other locations of relief inversion 

have subsequently been mapped on the basis of distinc-

tive outlines in CTX data [6].  

The 4 Mars year interval for complete mapping of 

the RSPC at 6 m/pixel means that horizontal changes, 

typically 3-4 m/y, now show up in significant fashion 

on ratioed CTX images (Fig. 2).  The motion of scarps 

is only the most prominent of the changes detected in 

Fig. 2 (different rates are resolved).  In this particular 

interval and locale, both brightening and darkening of 

flat surfaces have occurred, and scarp debris and other 

small knobs and pits change in a variety of ways. In 

other locales (not shown) translation of some of the 

roughly parallel troughs (aka “fingerprint terrain”) is 

seen, indicating some paired deposition and erosion.  

These difference images also suggest some small posi-

tive relief features became darker, depressed regions 

over time.  Investigation with MOC and HiRISE data 

showed changes such as that in Fig. 3 are common in 

parts of the RSPC.   

Small  scale inverted relief may arise by at least two 

paths 1: Deposition of new material on a rough sub-

strate, often the debris left by scarp retreat. Subsequent 

summer  insolation may exploit the thinner cover over 

the top of bumps and small peaks, the darker, higher 

substrate experiencing faster sublimation.  2: Deposi-

tion around an  isolated mesa, where ice can build up 

on surrounding smoother deposits, but is inhibited near 

the retreating scarp in darker, rougher debris.  This 

situation probably arises because the debris of scarp 

collapse has more fractures and lower albedo than do 

the smooth, bright new deposits.  These small scale 

changes are different from those in Fig. 1 which show a 

“snapshot” of the mesa form, probably lost by collapse 

in changing conditions [9], whereas the small scale, 

widespread examples such as those in Fig. 3 probably 

reflect continuing conditions operating on variations 

(commonly stochastic) in the substrate, and do not rec-

ord a “snapshot” of older terrain. 

These forms of small scale inverted relief leave 

complex patterns of thin, interdigitated layers.  Not 

surprisingly, those mapped so far occur in the thin, 

often difficult-to-classify, younger, more peripheral 

units of the cap [6].  Rapid turnover of deposits and 

relief appears more common at the lower elevations of 

the RSPC; some of the highest elevations have some 

areas of apparent great stability on the upper surface 

[5].   
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Fig. 1. Left: MOC image M09-04151, 86.3° S, 354.4◦ 

W, Ls = 245°, Illumination from the left.  Arcuate out-

line of subtle depression has  the distinctive outline of 

eroding mesas of the thick, older RSPC materials. 

Scale bar 200 m.  Right: MOC image M15-00205, 

87.0° S, 342.1° W, Ls = 346° shows example of the 

mesas (~10-12 m thick) whose shapes and marginal 

deposits are mimicked by the depressions in the left 

image. 

 

 

 
Fig. 2. Great variety of changes detected from ratios of 

CTX images from Mars years 28 (P11) and 32 (F13). 

83.9°S, 55.8° W. 

P11_005492_0951_XN_84S052W_070928, Ls= 

321.6°; F13_040752_0951_XI_84S050W_150406, 

Ls= 321.4°, scale bar  = 500m.  P11/F13 ratio, 

stretched.  Bright bands following the edges of mesas 

indicate scarp retreat. Thickness of the bands is linked 

to retreat rates. Retreat/covering of dark debris gives 

dark banding.  Flat surfaces show both brightening and 

darkening; small knobs both brighten and darken. 

 

 
Fig. 3 High resolution view of area with multiple rever-

sals of relief between Mars years 28 and 32. A and B 

mark areas initially relatively high but are relatively 

low later.  Other areas within this image follow the 

same pattern.  Top: (MY28) PSP_06283_0960 , Ls= 

354.6°W.  83.8°S, 54.9°W scale bar = 50m. Bottom: 

(MY 32) ESP_040620_0965,  Ls = 315.6°. 
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