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Introduction: Distinctive layers are observed 

exposed on the walls of troughs and scarps at the 

north and south polar deposits on Mars. Formation 

theories regard the layers as products of climate 

change due to orbital cycles [1, 2, 3], similar to 

climate changes caused by Milankovitch cycles on 

Earth [4], although the details of the formation 

processes remain unknown; the stratigraphic record 

and the internal structure of the deposits can provide 

clues to these processes.  Recent analyses of the north 

polar layered deposits (NPLD) have taken the first 

steps in unraveling the polar stratigraphic record and 

the relationship between the layers and climate [5, 6, 

7, 8]. Recent work examining the south polar layered 

deposits (SPLD) stratigraphy has found evidence for 

locally continuous layers in local regions around the 

deposit [9, 10, 11] and a dome-shaped internal 

structure rather than horizontal layers [9]. Examining 

the stratigraphy of the SPLD on a regional scale will 

provide insight into the erosional and depositional 

history of the deposit.  In this study, we examine 

layers across the entire south polar deposit using 

THEMIS visible (17 m/pxl) images. 

 

 
Fig 1. Locations of images containing correlatable 

layer sequences.  Identical layer sequences are not 

observed in all images.  

 

Methods. The SPLD differ morphologically from 

the NPLD; individual SPLD layers tend to be 

distinguished by the surface texture or erosional style 

rather than by brightness variations, which is a 

significant characteristic of individual NPLD layers.  

This means that the surface slope, trough wall 

orientation, and sun angle all have significant 

influence on the appearance of the layers, and thus on 

our ability to correlate them.  The THEMIS 17 m/pxl 

dataset has the spatial resolution where distinctive 

“marker” layers are resolvable, and the areal 

coverage that allows us to trace layers along scarp 

walls to find locations where layers are correlatable.  

A series of marker layers must be identified in each 

sequence for them to be considered correlated. 

Results.  20 images have been identified with 

correlating layer sequences to date (Figure 1).  

Stratigraphic sequences can be correlated across 

hundreds of kilometers, implying widespread 

deposition of layer material (Figures 2, 3).  Matching 

layers are not horizontal but are exposed at varying 

elevations in different scarps.   

 

 
Fig 2. THEMIS images with correlating layer 

sequences. 

 

Twelve images were examined in the region 

between 90˚ and 180˚ E. The same layer sequence 

was identified in every image. These images were 

overlain upon MOLA gridded topography to 

determine the elevations of correlated marker layers; 

layers were generally located at higher elevations 

towards an area offset from the pole in the 180˚ E 

direction by ~ 300 km. The thickness of the layer 

sequence varied in this region by over a factor of 4. 
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Fig 3. THEMIS images with correlating layer 

sequences. 

  

Not every layer or sequence of layers is exposed 

at all locations; some higher-elevation layers do not 

correlate with layers exposed elsewhere at lower 

elevation.  The “bench forming layers” identified by 

[9] in the ~ 0˚ E region are not found in the 90-180˚ E 

region; these layers are in the highest elevations of 

the SPLD.  Image V17459014 (Figure 3, lower left) 

contains what may be an eroded bench forming layer 

on top of the same sequence as identified in the 90-

180˚ E region.  Scarps elsewhere around the SPLD 

contain this same sequence, and can be found at 

elevations that imply that kilometers of layered 

deposits exist below them. 

Angular unconformities are observed in four 

locations (Figure 4), implying several episodes of 

major erosion. The unconformities are exposed at a 

range of elevations.  At least one of these episodes 

lies below the layer sequence identified in the 90˚ to 

180˚ E region (Figure 4c).  Unfortunately, the layer 

sequence exposure on either side of the other 

unconformities is not thick enough to make any 

strong correlations with layer sequences located 

elsewhere. 

Discussion: The results of our stratigraphic 

analysis to date imply that the internal orientation of 

individual layers within the SPLD is not a horizontal 

“layer cake,” but neither does it exactly mirror the 

topographic profile of the polar deposit surface.  

Instead, we have identified multiple sequences of 

layers; in some regions, several of these layer 

sequences can be identified while in others only one 

sequence is found. This implies that while layer 

deposition has been widespread, with some 

individual layers being correlatable over hundreds of 

kilometers, layers are not always deposited over the 

same area, or they have been deposited and later 

removed.  We will continue to examine the regional 

distribution of these sequences around the polar 

deposits. 

 

 
Fig. 4. Unconformities identified within the SPLD.  

A) V17737022 (-85.4˚N, 309.7˚E), ~ 3200 m.  B) 

V17529010 (-79.5˚N, 212.5˚E), ~ 2200 m.  C) 

V17725015 (-84.5˚N, 303.5˚E), ~ 2288 m. D) 

V08778005 (-81.1˚N, 147.2˚E), ~ 1560 m. 
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