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Introduction: The North Polar Residual Cap 

(NPRC) of Mars is primarily a water ice deposit with 
a rough textured surface composed of semi-regular 
depressions and mounds on the scale of tens of 
meters [1]. These dark pits and bright mounds form 
a quasi-linear texture in visible imagery with a 
characteristic wavelength and orientation (Fig 1). 
According to spectral data, the surface of the NPRC 
is composed of large-grained (evidencing older) wa-
ter ice, the presence of which seems to suggest that 
the NPRC is a current state of net loss of material 
[2]; this result must  however  be  considered 
a longside  impact craters statistics, which suggest 
r a p i d  ongoing deposition  and resurfacing within 
periods as small as 1.5kyr [3]. 

 

  
Figure 1: North Polar Residual Cap material. Left: subframe 
of HiRISE image ESP_018598_2745. Red arrow indicates the 
orientation and wavelength results of FFT analysis. Upper 
right: result of orientation analysis; dotted line indicates dom-
inant orientation. Lower right: result of wavelength analysis; 
dotted line indicates dominant wavelength. 
 

The NPRC is thus able to provide a connection 
between the current Martian climate and the past 
climate as recorded in the varied layers of the North 
Polar Layered Deposits beneath. In the characteriza-
tion and mapping of the NPRC’s surface texture, we 
seek to understand the seasonal and regional factors 
that are not just currently involved in reshaping the 
deposit, but that may also have been involved in the 
shaping of the layers beneath. 

We expand upon previous work [4] analyzing 
images taken by the High Resolution Imaging Sci-
ence Experiment (HiRISE) onboard Mars Recon-

naissance Orbiter (MRO) via 2D FFT for trends in 
dominant wavelength and orientation of the NPRC 
surface texture.. 

Methods: Initial search parameters for HiRISE 
coverage of the NPRC were constrained to 25 
cm/pixel resolution images within a geographic 
bracket of 80°-90° N. Generous coverage allowed 
for restricting the pool to such a high resolution 
while still providing a large collection of images to 
filter for analysis, 2060 images in total. Images with 
haze or focused on troughs were discarded however, 
thinning the catalog to 579 HiRISE images in total 
(Fig 2). From these 579 images, 591 1024 x 1024 
pixel subframes that included the textures to be ana-
lyzed were manually extracted. Images depicting 
visually distinct wavelengths or orientations thus 
generated multiple subframes according to the num-
ber of textures to be analyzed. 

Figure 2: JMARS mapping of the 2060 HiRISE images 
screened and the 579 images selected for FFT analysis. 

Because of the semi-regular nature of the NPRC 
texture, a quantitative, automated approach via two-
dimensional Fourier analysis was chosen to extract 
the characteristic wavelengths and orientations for 
the 256 m x 256 m region in each subframe. 2D FFT 
analysis reconstructs an image via sinusoidal func-
tions of varying wavelengths and power. Matching 
wavelengths and orientations within the subframe 
analyzed therefore correspond to a higher power. 
The dominant wavelength of the resulting peak pow-
er spectrum corresponds to the average size of a pit-
knob pair in the image, and as such serves as a proxy 
for the scale of the texture’s roughness.  The  surface  
texture’s  dominant orientation reflects the trend of 
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pits and mounds encompassing this dominant wave-
length. An example can be seen in Fig 1.  

Initial Results: Two approaches were taken 
when searching for trends in the resulting dataset: a 
regional campaign and a temporal campaign. The 
regional campaign took relatively co-temporal sub-
frames and examined variations relative to location, 
whether by latitude or longitude. The temporal cam-
paign looked at co-located subframes across a span 
of time to investigate potential seasonal trends, 
whether by solar longitude or by Mars Year.  

Regional Wavelength Results. While no observa-
ble trends were noticed in comparing wavelengths to 
incidence angle and subsolar azimuth, the larger data 
subset seems to support the broad positive trend pre-
viously noted by [4] for wavelength and elevation 
and thus wavelength and latitude (given that eleva-
tion and latitude are highly correlated on Planum 
Boreum). This trend suggests that ablational pro-
cesses may play a role in controlling the size and 
spacing of the NPRC surface texture. 

Seasonal Wavelength Results. 15 locations on 
the NPRC have repeat HiRISE coverage at 25 cm/pxl 
for seasonal monitoring We examined one site in 
particular, at 82˚N, 20˚E. The surface texture wave-
length shortens as the site transitions from spring into 
summer (Fig 3). This may indicate that seasonal CO2 

frost covers the surface selectively, changing the ap-
parent wavelength of the surface texture by filling in 
the smallest-wavelength (likely the shallowest) hol-
lows. A visual inspection of the site shown in Fig 
4 seems to corroborate the trend. 

 
Figure 3: Wavelength vs Solar Longitude for a set of images at 
82˚N, 20˚E. 
Orientation Results. While no temporal trends in orien-
tation have been observed,  Fig. 5 illustrates a trend 
that may correspond to adiabatic wind patterns at the 
NPRC , as noted by [4]. 

Many factors are clearly involved in the orientation 
and wavelength of textures observed in the NPRC, and 
their effects are quite probably intertwined. That said, 
surface frost, elevation or latitude, and wind direction 
are all posited to play significant roles. 
 

 
 

  
 

 
 

 
 

 
 

 
 

   
Figure 4: Subframes from monitored site, 82˚N, 20˚E. 
Chronological order is left to right, top to bottom. (Image IDs 
in order: ESP_024712_2620, ESP_025147_2620, 
ESP_025556_2620, ESP_025912_2620, ESP_026057_2620, 
ESP_027046_2620, ESP_027257_2620, ESP_027468_2620, 
ESP_027890_2620) 

Figure 5: Left: JMARS color mapping of orientations.  
Right: Key with orientation brackets 

Future Work: The mechanics of how the FFT 
script is implemented in IDL has limitations that may 
have introduced binning and artefacts at large wave-
lengths. Except for the monitored sites which were 
individually verified by visual analysis, the broader 
data set required additional examination to ensure the 
data points reflected real values and not byproducts of 
the IDL script. Future work will explore these artefacts 
to minimize their effect and/or allow for proper signif-
icance testing techniques. 
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