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Abstract:  The mineralogy and morphology of the 

dunes and light-toned interdune regions of the Olympia 
Undae Sand Sea near the north pole of Mars are active-
ly changing due to interactions with frost and wind. 
Gypsum and basaltic sand dominate the undae. How-
ever, wind and microscale aqueous processes appear to 
be altering the existing material and changing its com-
position. Through analysis of CRISM images, we doc-
umented changes in the spectral signature from east to 
west and from dune to interdune material. The gyp-
sum-like features of the spectral signature become 
weaker towards the west with some features disappear-
ing altogether. The signature is also weaker in the in-
terdune region, which could indicate the presence of 
additional bright minerals including anhydrite or chlo-
rides. HiRISE analyses revealed changes in the mor-
phology of the interdune light-toned patches such that 
the easternmost area contains mostly Transverse Aeo-
lian Ridges (TARs), whereas towards the west polygo-
nal cracking is observed. Further, our analysis of inter-
dunes over time demonstrates that these are actively 
changing from one martian year to the next. Continu-
ing studies of the interdune material are key to under-
standing how this active environment is altering the 
undae sediment.      

Introduction:  The Olympia Undae Sand Sea is of 
great scientific interest as the largest gypsum 
(CaSO4•2H2O) deposit on Mars. This evaporite miner-
al forms in pH-neutral water under relatively low tem-
peratures and high humidity conditions [1]. Therefore, 
understanding the nature of gypsum at Olympia Undae 
can provide clues to the aqueous history of Mars. 

Gypsum was discovered at Olympia Undae in 2005 
using OMEGA spectral images with the highest con-
centration of gypsum in the east [2]. The gypsum sig-
nature decreases towards the west coinciding with 
wind direction [3]. The Olympia Undae dune sediment 
is much darker than expected for gypsum alone, so it 
must also contain mafic material. The mafic sand was 
likely eroded by katabatic winds [4] from the basal unit 
of Mars’ North Pole [5]. The source of gypsum is less 
understood, and the study of its origin goes beyond the 
scope of this paper. Light-toned patches appear 
throughout Olympia Undae in many of the interdune 
areas that also include gypsum-like spectral signatures, 
although weaker than the dunes. Our study is focused 
on changes across the dunes and light-toned interdune 
patches across the sand sea. 

Methods: We subdivided the large geographical 
area of Olympia Undae into regions 1(east) to 4 (west) 
to characterize changes from east to west. We collected 
spectral data from 138 Map-projected Targeted Re-
duced Data Record (MTRDR) CRISM images and 656 
HiRISE images. From these, we selected images that 
best meet our scientific goals. We calculated the solar 
longitude (Ls) of each image to determine the martian 
season and prioritized CRISM images taken during the 
martian summer (90° <Ls<180°) since they contain the 
least amount of frost that could obscure the spectral 
signatures. In addition, we emphasized sites where 
CRISM and HiRISE images overlap for joint evalua-
tion of the morphology and mineralogy. Also, all can-
didate images contained light-toned interdune patches 
since they represent a major focus of this study.  

For each of our 4 study areas, we selected 8 
CRISM images and used ENVI’s ROI tool to collect 
data from the light-toned patches and the dark-toned 
dunes. We surveyed the spectral features from all im-
ages and created spectral averages for each study area. 
We plotted these average spectra and documented 
changes in the spectral features across Olympia Undae 
(Fig. 1). Gypsum’s spectral signature contains a triplet 
near 1.4-1.5 µm, two strong bands near 1.75 and 1.95 
µm, a doublet near 2.2 µm, and another band at 2.4-2.5 
µm [1]. From these spectral data, we calculated the 
band depth of the ~1.95 µm hydration band and ob-
served band depths of 28.3% for Area 1, 16.6% for 
Area 2, 13.7% for Area 3, and 13.2% for Area 4.  

 
Figure 1. Average spectra for areas 1-4 with expanded 
views of the ~1.95 µm due to gypsum.  

We selected one representative HiRISE image per 
area and annotated the interdune morphology using 
different colors to differentiate between areas of TARs, 
small ripples, featureless smooth surfaces, and polygo-
nal cracking (Fig. 2). We also examined HiRISE im-
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ages of the same location acquired during winter and 
summer to document changes in morphology from one 
season to the next and from one martian year to the 
next to evaluate the annual changes. 

 
Figure 2. A – Annotation legend for interdune 
morphologies: heavy polygonal cracking (green), 
smooth areas with some low visibility polygonal 
features (yellow), small ripples with low sediment 
(purple), and TARs with high sediment (pink).           
B–Mapping of annotated images with TARs dominant 
in the easternmost Area 1.  

Results:  Minerology. Our results corroborate that 
the gypsum signature becomes weaker from east to 
west and that the interdune patches contain a weaker 
signature than the dune crests. Spectra in all images of 
the undae include at least the strongest gypsum feature 
near 1.95 µm. Area 1 has the strongest 1.95 µm band 
depth and this becomes weaker towards the west 
(Fig. 1) This trend is observed for all gypsum bands 
and the 1.75 and 2.22 µm bands disappear altogether 
by area 4.  

We examined the spectral signatures of the dunes 
and interdune regions and found a few features that 
may indicate the presence of additional hydrated sul-
fates or other phases that are affecting the shape of the 
bands near 1.45, 1.75, 1.95, and 2.4-2.5 µm. These are 
under continued investigation with SUBCONV pro-
cessed CRISM images [6] and through comparison 
with lab mineral spectra. 

Morphology. There is great diversity in the mor-
phology of the interdune regions. We observed that 
patches with bright TARs are more common in the east 
and polygonally cracked surfaces are more prevalent 
towards the west and at the edges of the sand sea. 
These changes are likely due to wind processes and 
seasonal changes due to the freezing and thawing of 
the dunes in the winter and summer cycles. This is 
evidence that the Olympia Undae Sand Sea is a dy-
namic environment. Our annotated images illustrate a 
striking difference in the morphology of the interdunes 

across the sand sea. The heavy sediment TARs domi-
nate the area where the gypsum signature is the strong-
est. Polygonal cracking is evident towards the west and 
at the perimeter of the undae.  

HiRISE images of selected regions during summer 
and winter (Fig. 3 A-B) demonstrate that frost covers 
the dunes during the martian winter months to such an 
extent that many features are obscured. Changes in 
morphology and sand cover across the light-toned 
interdune regions are observed in as little time as one 
martian year (Fig. 3 C-D). 

 
Figure 3. A – HiRISE image ESP_036730_2600_RED 
at mid-summer (Ls= 136.9°). B – HiRISE image 
ESP_041227_2600_RED during winter (Ls=341.1°).  
C – HiRISE image ESP_018831_2795_RED taken 
during summer (Ls=126.8°). D –HiRISE image 
ESP_027803_2605_RED taken during summer 
(Ls=132.5°) one martian year past image A.  

Conclusion: Olympia undae is a dynamic 
environment where wind and frost are actively 
changing the morphology and mineralogy of the 
sediments. We observed that the signature of gypsum 
decreases from east to west with some features 
disappearing in the westernmost sections. The 
interdune regions also contain weaker gypsum 
signatures and appear to include additional hydrated 
sulfates in the light-toned patches. Morphological 
changes in the interdune regions are also observed with 
mostly TARs to the east and polygonally cracked 
features to the west. The gypsum-rich composition of 
the undae implies that water must have played a major 
role in the geological history of this circumpolar 
region. Continuing studies of Olympia Undae could 
bring us closer to an understanding of Mars’ 
paleoclimate and aqueous history.  
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