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Figure 1: Shaded relief map of Planum Boreum. The red dot 

is the location of the outcrop being mapped. Adapted from 

[3]. 

 

Introduction:  Planum Boreum is a region located 

at the north pole of Mars and is a topographic dome 

reaching 3 km above the surrounding polar basin  [1,2]. 

The constituents of this dome are the north polar lay-

ered deposits (NPLD) of stratified water ice containing 

varying concentrations of dust but with a bulk compo-

sition of ~95% ice [3,4], and below that a partly terri-

genous basal unit made up of the Planum Boreum cavi 

unit and its underlying Planum Boreum rupes unit 

[3,5]. The cavi unit is of aeolian origin featuring pre-

served dunes, large-scale cross-strata, as well as water 

ice and periglacial features [6,3]. 

The cavi unit is critical for understanding the dras-

tic transition of the Late Amazonian climate from the 

aeolian reworking of dune fields towards the uniform 

layered deposition of ice. The cavi unit is the record of 

accumulated sediments prior to the formation of the 

NPLD. The main portion of the cavi unit exhibits thick 

dark and much thinner light layers. Based on albedo, 

the darker layers are interpreted as being comprised of 

mainly terrigenous sediment while the lighter layers are 

interpreted as relatively pure water ice [7]. As the sur-

face of Planum Boreum transformed from sand to a 

mixture of sand and ice and finally to a majority of ice, 

the albedo greatly increased and almost certainly in-

duced cooling and further ice deposition in a positive 

feedback. 

The cavi unit exhibits a pseudo-cyclical deposition 

of sediment, ice, and a consolidation of the two. The 

cross-strata and dune forms represent periods of con-

struction and thus the bounding, polygonally-fractured 

ice surfaces must represent stable periods resulting in 

dune form preservation. The contact between cavi and 

NPLD is generally gradational, but is laterally trans-

gressive locally, with interfingering of siliciclastic and 

ice-dominated layers [3]. This is thought to result from 

a decrease in terrigenous sediment probably caused by 

an increasing amount of ice bounding surfaces prevent-

ing terrigenous reworking. This could also result in 

positive albedo feedback, causing ice to be deposited 

more rapidly [8] Understanding the time scale for the 

construction and stabilization cycles is challenging, but 

is the ultimate goal of this work.  

 

 
Figure 2: HiRISE image PSP_001712_2635 showing 

an exposure of upper cavi in outcrop A1. The green 

line indicates the boundary between the cavi unit and 

the NPLD. The red lines indicate polygonal ice surfac-

es. Example of polygonal ice preserved antecedent 

topography in sequence. Each succeeding well-

developed bounding surface influences the dune con-

struction following it. 
 

Methods: The uppermost cavi leading into NPLD 

is the primary area of focus for this mapping project 

(Fig. 2).  The outcrop and surrounding region is being 

viewed by loading HiRISE and CTX [10,11] imagery, 
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provided by the Mars Reconnaissance Orbiter, into 

ESRI ArcMap 10.3.1 and utilizing layers and editor 

tools to demarcate the cavi top, polygonal ice, high 

albedo ice/terrigenous sediment mixture features, as 

well as the features that are, based on available image-

ry, unable to be unambiguously determined as polygo-

nal or high albedo. 

Bounding surfaces of sequences are the first-order 

features and are identified as very high albedo surfaces 

of polygonal ice. 

Results: Here reported are the findings from one of 

three cavi exposures we are mapping in Gemini Scopu-

li; this is part of a cluster of three cavi exposures in 

eastern Olympia Cavi. Observational analysis of the 

uppermost cavi exposed in exposure A1 reveals many 

aeolian features from the transitioning environment: 

preserved dunes, large- and meso-scale cross-strata, 

polygonal ice bounding surfaces, and high-albedo sed-

iment preserved features. 

 

 
Figure 3: HiRISE image PSP_001712_2635 approxi-

mately 240 m to the right of the bounding surfaces 

shown in Fig. 2. (3a) Image of stratigraphy near the cavi-

NPLD contact. (3b) The green line indicates the upper 

boundary of the cavi unit. The blue lines indicate ice-

dominated, high albedo sedmiment preserved features. Note 

the ice sediment foresets followed  by new sediment deposi-

tion. 

 

Approximately 300 features have been mapped 

across 15.3 km of the A1 outcrop, and work is ongoing 

in A2. Most of the tracked bounding surfaces delineate  

2, possibly 3, major surfaces interpreted as sequence 

boundaries. Cross strata were mapped in each sequence 

respectively, allowing trending resultant dune migra-

tion direction to be determined for each sequence. An 

increasing occurrence of ice cross strata has been de-

tected moving upwards in the mapped sequences. This 

finding supports the hypothesis that water ice became 

significantly more stable towards the final episodes of 

cavi growth, recording climate change prior to NPLD 

initial deposition. 

Future Work: In order to improve upon the 2 di-

mensional outcrop map, CTX and HiRISE stereo 

DEMs will be created and used for the scarp to render 

the mapped stratigraphy in 3 dimensional space. Utiliz-

ing both the 2 dimensional and 3 dimensional represen-

tations the cavi can be investigated in regard to paleo-

wind directions and sediment vs ice availability, in turn 

providing information on the ancient climate and the 

evolution of Planum Boreum. 
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