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   Introduction:  We examined the composition and 
morphology of dunes in the Olympia Undae region 
located around the polar cap of Mars. The region ex-
tends from ~240° E to 120° E and from 79° N to 83° N 
at its highest points.   

 
Figure 1: A GIS outline of the Olympia Undae region; 
the gypsum is concentrated in the eastern edge of the 
dune field. The yellow dots are the locations of 
CRISM data and the blue dots indicate the HiRISE 
images examined.  

The hydrated mineral gypsum (CaSO4•2H2O) has 
been detected throughout the dune field. It is most 
abundant in a patch at the eastern end and declines in 
abundance westward [1]. Gypsum is a mineral formed 
in the presence of liquid water, and its presence at high 
latitudes on such a cold planet is something of a mys-
tery. Furthermore, most gypsum detected so far on 
Mars has been in ancient sedimentary strata (those 
corresponding to the Hesperian Epoch, >~3.5 Ga) 
[e.g., 2], whereas the dunes of Olympia Undae are 
clearly young (with a crater retention age <~1000 yr) 
[3]. The occurrence of gypsum in such youthful sedi-
ments contradicts the view that sulfate minerals only 
formed in abundance on Mars in the distant past [2]. A 
better understanding of how gypsum has recently 
formed in Olympia Undae is therefore necessary to 
determine the global implications of sulfate formation 
in Mars’ sedimentary record.  

Methods:  For our study, we examined several 
HiRISE (High Resolution Imaging Science Experi-
ment) and CRISM (Compact Reconaissance Imaging 
Spectrometer for Mars) images throughout the Olym-
pia Undae region. CRISM obtains images in two spec-
tral ranges: “short” wavelengths (0.362-1.053 μm) and 
“long” wavelengths (1.002-3.920 μm). We used the 
online APL CRISM map and JMARS to locate images 
in the study area. Many images had to be disregarded 
due to noise or frost cover. There were also many loca-
tions where only short wavelength CRISM data were 

available, or where there were few to no overlapping 
HiRISE images. We focused our compositional study 
on FRT0000C31A and FRT0000C2FC and our mor-
phological study on images PSP_009733_2795, 
ESP_027693_2790 and ESP_018819_2785. 

The morphology and mineralogy of the dunes have 
been studied in detail independently, but with few ex-
ceptions [e.g., 4], they have not been studied in con-
cert. Gypsum has been reported to concentrate on dune 
crests [5], but it is not known whether this is a result of 
grain sorting by aeolian processes or if the mineral is 
forming in situ. 

Morphology of Region:  The primary dunes in 
Olympia Undae are transverse to the circumpolar east-
erly wind. There also exists a set of secondary dunes, 
orthogonal to the primaries, in several locations 
throughout the dune field. The secondary dunes have 
been shaped by a more recent NE wind [6] and are 
reworking the original pattern of the dune field.

Figure 2: The red lines highlight the readily apparent 
primary dunes and the green lines highlight the lower 
relief secondary dunes. The primary dunes have a 
wavelength of ~300 to 400 meters. 

Spectral Analysis:  Gypsum can be identified in 
CRISM images by many unique spectral features. It 
has a triplet feature near 1.5 μm, a 1.94 μm hydration 
band due to the presence of H2O in the gypsum crystal 
structure, and a 2.2-2.27 μm doublet. We created re-
gions of interest (ROIs) to extract spectral features 
from particular regions of images FRT0000C31A and 
FRT0000C2FC, including crests of the primary and 
secondary dunes. Analysis of the ~1.94 μm hydration 
band strength was used to compare abundance. There 
also appears to be a minor doublet around 1.37  and 
1.43 μm in many CRISM images. The spectra of the 
primary dunes had a hydration band about 20-30% 
stronger than the hydration band in the secondary 
dunes (see Fig. 3, [7]). This shows that gypsum is less 
abundant in the secondary dunes than in the primary 
dune crests. 
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Figure 3: Gypsum-rich dunes in HRL0000CA5C are 
compared with primary and secondary dune crests in 
FRT0000C2FC, with lab spectra of gypsum and bas-
sanite (CaSO4•0.5H2O) for reference. P stands for the 
primary dunes, while S is for the secondary dunes. 

Morphology of Features:  The dunes in Olympia 
Undae contain many characteristic features (italicized). 
Dune sand should be unconsolidated, and surface 
cracks should be filled in, yet we still see surface 
cracks in the dune field. This suggests cementation by 
either salts or niveo-aeolian processes. Previous re-
search has found a decline in the amount of surface 
cracks westward and correlated this with the weaker 
hydration band [4].  

Figure 4: A transverse aeolian ridge can be seen in the 
center of this HiRISE image. 

Many Transverse Aeolian Ridges (TARs) are pre-
sent in interdune areas and were nearly ubiquitous in 
the HiRISE images. It is still unknown whether TARs 
are small dunes or large ripples and they are not seen 
on Earth. Polygonal terrain is cracking in the ground 
and is observed in the polar region of both Mars and 
Earth. Sand avalanches are the main mechanism by 
which dunes advance.  

New since AGU 2012: Since AGU, progress has 
been made in the mapping of multiple HiRISE images. 
Three HiRISE images were mapped and TARs were 
digitized and run through a routine to generate rose 
diagrams in two of the images.  

The modal orientation in Fig. 5 indicates that all 
TARs in this image have been completely reoriented 
by the more recent NE wind. Elsewhere on Mars, 
TARs are typically less mobile than adjacent large 

dark dunes. However, these TARs have been com-
pletely reoriented by the NE wind, whereas the dark 
dunes are only partially reworked by the younger NE 
wind. Thus the TARs have a shorter reconstitution 
time than the Olympia Undae dunes, suggesting that 
either these polar dunes are less active than those 
found at lower latitudes, or that these TARs are more 
active than those found elsewhere on Mars. 

Figure 5: A rose diagram with the orientation of trans-
verse aeolian ridges in image ESP_027693_2790 plot-
ted. The alignment matches the orientation of “coarse-
grained ripples” from [6].  

Morphology Results and Gypsum Discussion: 
Avalanches were only seen on the primary dunes, and 
TAR orientations suggest the polar dunes are less ac-
tive or TARs more active for the image examined. Sur-
face cracks often seem to cross secondary dunes but an 
exact correlation has yet to be established. The second-
ary dunes are reorienting the entire pattern of the dune 
field. At locations where the final result is present, it 
would be interesting to see if the abundance of gypsum 
in the dune crests is the same as on primary crests. If 
so, it would indicate that the gypsum is forming in situ.  

Future Work:  Future studies will involve quanti-
tative analyses of the hydration band near 1.9 µm in 
primary and secondary dunes and of regions that 
seemed to have been fully re-worked by the secondary 
dunes. We also plan to continue GIS mapping of 
HiRISE images in the dune field and to identify future 
targets for the HiRISE and CRISM instruments on the 
MRO spacecraft.  
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