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Introduction:  The south polar layered deposits 

(SPLD) are exposed on the walls of troughs and 

scarps within the south polar deposits of Mars. The 

details of the formation process of the layers remains 

unknown; the stratigraphic record and the internal 

structure of the SPLD can provide clues to these 

processes.  There is evidence for locally continuous 

layers in regions around the deposit [1, 2, 3, 4] and a 

dome-shaped internal structure rather than horizontal 

layers [1, 4].  

 
Figure 1: Locations of regions studied. MOLA gridded 

topography of the south polar region. Diagonal dashed lines 

indicate location of MARSIS and MOLA data in Fig 2, 3. 

Recently, the MARSIS sounding radar onboard 

Mars Express has collected data across the SPLD; the 

radar is able to penetrate through the stack of layers 

and reflect off of the contact with the basement 

material. The strength of this basal reflection 

indicates that the material of the SPLD is almost pure 

water ice [5]. Subsurface reflections are observed at 

multiple depths within the SPLD [5]. These 

reflections could be caused by individual layers or by 

packets of layers [6], or they could be interference 

patterns caused by the scale of the SPLD layering.  

We test the hypothesis that the radar reflections are 

caused by individual layers or packets of layers by 

examining the layer stratigraphy exposed along the 

track of two orbits of MARSIS data in THEMIS and 

MOC images and attempting to correlate the layers in 

the visual images with the reflections in the radar 

data (Figures 1, 2, 3).   

Region A: MARSIS data from orbit 2735 is 

shown in Fig. 2. Three surfaces are identified in the 

MARSIS radargram; the elevations of these surfaces 

are calculated from MOLA topography. The 

reflections are found at 2330 m (reflection A), 1920 

m (reflection B), and 1600 m (reflection C) elevation 

(All MARSIS elevation values are ± 50 m). 

 
Figure 2. Region A. A) MARSIS radargram. Box indicates 

location of C. B) MOLA topography; ground track of Mars 

Express runs through center. C) Closeup of MARSIS 

results. D) Elevations of subsurface reflections (± 50 m). 

 
Figure 3: Region B.  A) MARSIS Radargram.  Highlighted region contains internal banding.  B) MOLA topography; ground 

track of Mars Express runs through center. Yellow dot indicates location of image in C.  C) THEMIS image V16019007.  Line 

indicates location of MOLA profile.  D) MOLA topography profile.  Red line connecting C and D indicates location of layer at 

1745 m elevation, corresponding to depth of internal radar reflection.  E) Depth to reflections along highlighted region in A , B. 
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      Layers exposed in regions along the MARSIS 

ground track were examined in both MOC and 

THEMIS VIS images. We are able to correlate layers 

in each region; the same layer sequence is exposed in 

regions ~900 km apart [5]. These correlations allow 

us to examine the layer sequence at multiple 

locations and conditions. 

 
Figure 4: MOC image R11/03304 at -81.5˚N, 158.8˚E 

(Region A). Arrows indicate erosion-resistant layers. 

Ls=301.92˚, sun from lower right. 

Distinctive individual layers are observed in the 

elevation ranges of the radar reflection, including an 

unusually thick layer and several erosion-resistant 

layers. However, if the reflections are due to 

individual erosion-resistant layers, then similar such 

layers located elsewhere in the stratigraphic column 

should also produce reflections (Fig. 4). Since these 

additional surfaces are not observed, it is more likely 

that the reflections are due to packets of layers. 

Reflective surface C is at same elevation as the 

base of the SPLD exposed in this region; surface C 

may thus be the contact between SPLD and the 

underlying plains. If this is true, the reflective surface 

below C may be buried deposits from deeper in 

stratigraphic sequence.  However, it may also be 

caused by a local depression that would allow a 

thicker stack of SPLD – and thus additional reflective 

layers – away from the scarp exposure and the 

observable layers. 

Region B: MARSIS data from orbit 2760 is 

shown in Fig. 3. Multiple surfaces are identified in 

the MARSIS radargram; the elevations of these 

reflections change with location (Fig 3e), but closest 

to an SPLD exposure the first reflection below the 

deposit surface occurs at 1745 m.  Similar to Region 

A, when the individual layers of the SPLD in this 

region are examined, a distinctive erosion-resistant 

layer is found in the elevation range of the reflection 

(Fig 3c).  Again, this layer is unlikely to be the cause 

of the radar reflections due to the presence of similar 

layers elsewhere in the stratigraphic sequence (Fig 5) 

that do not correspond to a radar reflection. 

The second reflection, located at ~ 1500 m, is 

interpreted to be the reflection from the base of the 

SPLD as it is continuous with the only subsurface 

reflection observed in neighboring regions of the 

orbit. A third reflection is observed below the basal 

reflection in a sub-region of the data. This reflection 

may be due to a local depression or a local buried 

deposit, similar to the reflection below surface C in 

Region A. 

 
Figure 5: MOC images at -80.0˚N, 210.1˚E (Region B) at 

different seasons. A) E05/00364 (Ls=172.76˚). B) 

E07/01052 (Ls=215.42˚).  Arrows indicate erosion-resistant 

layers.  Sun from upper left in both images. 

An additional region containing internal banding 

in the MARSIS data has been identified at ~ -80˚N, 

120˚E; analysis of this region is underway. 

Discussion: Comparison of images with nearby 

MARSIS data identify several layers in SPLD 

stratigraphy that may correspond to radar-reflective 

surfaces, but no clear correlations with individual 

layers are possible.  In each case, erosive-resistant 

layers at elevations corresponding to the reflections 

exist, but similar layers also exist at elevations that 

do not correspond to any reflection.  Therefore, we 

conclude that the radar reflections are unlikely to 

correspond to individual SPLD layers.  It is possible 

that packets of layers, such as a series of thin, regular 

layers on top of a thicker, more resistant layer, may 

be the source of the reflections, but again similar 

packets of layers exist at elevations that do not 

correspond to any reflection.  This implies that the 

internal banding may not be due to properties of 

individual layers, but may be an interference pattern 

produced by the entire SPLD stack. 
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