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The 3-km thick stack of ice and dust layers at the north pole of Mars, known as 
the North Polar Layered Deposits (NPLD), is considered a record of climate cycles 
[1]. Exposures of the NPLD within large circumferential troughs provide insight 
into their structure and depositional history. Meter-scale pits of unknown origin 
were discovered to exist within the NPLD exposures [2]. These features are only 
resolvable in HiRISE images, at ~25 cm/pixel [3].
 
Repeat images of the type locale (84.37ºN, 254.59ºE) have been acquired over 
different seasons and over four Mars Years (MY) to look for changes, formation of 
new pits, or disappearance of pits. We present the results of this campaign as well 
as an updated inventory of locations throughout the NPLD where pits have been 
identified in HiRISE images. Spatial analysis of their distribution at the discovery 
site is also considered as a test of formation hypotheses.

Introduction
• Seasonal variations observed are due to changes in frost cover (Figs. 4,7). 

Pits often appear to widen in the frost-covered scene (ESP_034672_2645).
• In frost-free scenes (mid-to-late northern summer) few to no appreciable 

interannual changes are observed (Figs. 4,6,7).
• Pits occur in many locations around the NPLD troughs, without a detectable 

longitudinal preference (Fig. 10).
• Nearest Neighbor analysis suggests that there is a non-random distribution 

of the pits at the local level (Fig. 2). There may be some geologic process or 
structural control that is influencing their spatial distribution. 

• There may be a population of pits that are below the resolution limits of 
HiRISE (Fig. 5).

• Locally, the pits are not present at a higher frequency in a given layer (Fig. 3). 
• The stability of the pits over 4 martian years implies that they are not 

currently appearing or disappearing at an observable rate. Or it may indicate 
that they formed within the NPLD at the time of the deposition of the strata 
they are found in, and are only being exposed today due to erosion of the 
NPLD troughs.

• The origin of these pits is still unknown. However, their presence points to 
lateral heterogeneity in the structure of the NPLD. 

• Knowledge of the structure and evolution of the NPLD is crucial to 
understanding the climate history of Mars.
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Spatial Analysis

• 1-5 m diameter
• Roughly circular
• Rims appear flat or slightly depressed
• Lack of reflected light within shadowed area
• Frost persists around rims in some cases
• Appear as voids in the pitted and cracked 

surface texture of the NPLD [5]
• Minimum depth/diameter ratio 0.53 [2]

Morphology

Figure 1. Detail images of pits. On 
the left is a more rare double pit. 
Typical pits (right) occur in isolation.

Nearest Neighbor (NN) analysis was performed using the Geologic Image Analysis 
Software (GIAS) [7]. The analysis was run on pits mapped on the orthorectified 
image PSP_010014_2645 (n=344), bounded by a convex hull. Values for the R 
and C statistics (Fig. 2) are both outside of 2-σ, indicating that the distribution is 
clustered, and does not match a random Poisson distribution. There is likely some 
process or structural control influencing the locations of the pits at this site.

Figure 2. Above left: Results of Nearest Neighbor analysis 
showing the R-value (ratio of average NN distance to 
expected difference for a Poisson distribution). Above right: 
The |C| value is also >2-σ. For both of these values to be 
outside of the 2-σ range indicates that the features are 
clustered, and are not randomly distributed. Right: 2-D map 
of X,Y point coordinates (map coordinates in meters) with the 
convex hull boundary outlined in red. Points along the convex 
hull are not counted in the analysis, but are used to measure 
NN distances.

Figure 3. Top: Elevation 
values for the pits mapped 
in PSP_010014_2645 
(orthorectified) were 
extracted from the HiRISE 
1-m resolution Digital 
Terrain Model (DTM). 
Middle: Histogram of pit 
elevations. Lower: 
Comparison to the 
histogram of all the 
elevation values contained 
in the DTM shows that the 
pits occur in all but the very 
lowest elevations 
represented at this site. Red 
dotted box encompasses 
elevations that correspond 
to where the pits are 
observed. 

The majority 
of pits occur 
on slopes that 
are <10º.
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Local Distribution

Figure 11. Map of pits (symbols not to scale) in 5 HiRISE orthorectified images. In nearly 
all cases, pits were identfied in all scenes. In most of the cases where they were not, 
frost cover, shadows, or image quality or coverage played a role. Only a few sites might 
show the formation of new pits, but these cases are not definitive.
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Figure 8. One of only two cases found where a pit is not clearly present in the earliest 
image (far left), but is clearly visible in the most recent image (far right). It should be noted 
that the earliest image is a largely frost-free scene.

Figure 9. Context map 
showing the approximate 
locations of Figs.4-8 above.
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Figure 7. Example of a small pit (lower arrow) remaining open during frost cover, while the 
larger (top) pit is covered, or filled, with frost, as observed during early spring.
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Figure 6. Example of a pit being filled, or covered, with frost, as observed during early 
spring. Images later in the season show a return to the initial appearance.
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Figure 5. Example of a pit that is not visible in any but the most heavily frost-covered 
scene. Probably the pit is there, but is below the resolution limits of HiRISE.
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Figure 4. Despite seasonal changes (2nd and 3rd from left) due to frost cover, the pit 
shape and size does not change appreciably over 4 Mars years.

Figure 10. Map of north polar region above 80º latitude, polar stereographic projection. 
Base map is MOLA colorized altimetry overlaid on THEMIS day IR. Polygons are HiRISE 
image footprints that have not been searched to date. Red: no pits. Green: contains pits.

80º 00’ N

Size d/D ratio 
(Steep-sided) Local distribution Regional distribution

Kettles (post-
glacial)

Generally 
smaller Yes Too sparse? No indication of glacial flow

Sublimated ice 
pockets Maybe No Maybe May indicate layers of 

higher dust content

Clathrates/
hydrates Yes Possibly Maybe Req. high pressure 

environment to form

Cryoconite holes Maybe Yes No - not forming in every 
depression Maybe

Impacts Too uniform No Unlikely Maybe

Tectonic Maybe Maybe No Fracture-related pits on 
upper surface of NPLD

Aeolian Maybe Yes No directional preference Yes, in that they are found 
in the troughs

Formation Hypotheses

Regional Distribution
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