
ORIGIN OF MARTIAN CIRCUM-POLAR GYPSUM-BEARING DEPOSITS.  M. Massé1, O. Bourgeois1, S. 
Le Mouélic1, C. Verpoorter1,2, L. Le Deit1,3, 1Laboratoire de Planétologie et Géodynamique, UMR 6112, CNRS, 
Université de Nantes, 2 chemin de la Houssinière, 44322 Nantes Cedex 3, France (marion.masse@univ-nantes.fr), 
2Laboratoire d’Océanologie et de Géosciences, UMR LOG 8187, 32 avenue Foch, BP 80 62930 Wimereux, France, 
3Institute of Planetary Research, German Aerospace Center (DLR), Rutherfordstr.2, 12489 Berlin, Germany. 

 
 
Introduction: The North Polar Cap of Mars is a 

stack of water ice layers containing various amounts of 
intermixed sediment. It is 1300 km in diameter and 
reaches a maximum thickness of 3 km at its center. 
Two distinct units have been recognized in this stack: 
(1) The sediment-rich Basal Unit (BU) and (2) the 
upper ice-rich North Polar Layered Deposits (NPLD). 
The Circum-Polar Dune Field entirely surrounds this 
polar cap. On one of the densest portions of this dune 
field, Olympia Undae, a calcium-rich sulfate (gypsum) 
has been detected [1]. The origin of this polar gypsum 
remains uncertain. It has been suggested that it derives 
from the underlying polar Basal Unit (BU) [2] or that 
it has formed in situ by weathering of the dune mate-
rial by water derived from melting of the polar cap [3]. 
In other parts of the Circum-Polar Dune Field, spectral 
signatures of hydrated minerals have been identified, 
which could also possibly correspond to gypsum [4, 
5]. 

To constrain the origin of these gypsum deposits, 
we performed an integrated morphological, structural 
and compositional analyses of a key area where most 
of the main polar features are visible. This area is lo-
cated at the border of the North Polar Cap, between 
Olympia Cavi and Gemini Scopuli (83°N, 118°E). We 
are currently extending this study to the whole North 
Polar Cap. 

Data and methods: The morphological, textural, 
structural and sedimentological analysis of the study 
area are based on the observation of landforms on al-
timetry data and high-resolution images from MOLA, 
MOC, THEMIS, CTX and HiRISE. These observa-
tions are compared to analogue landforms on Earth. 
The mineralogical composition is investigated from 
data acquired by the OMEGA and CRISM hyperspec-
tral imaging spectrometers. These are compared to 
laboratory spectra of ice-gypsum mixtures in simulated 
Martian pressure and temperature conditions. When 
gypsum is mixed with ice, several diagnostic gypsum 
spectroscopic signatures are difficult to distinguish 
because ice and gypsum absorption bands overlap each 
other [4]. To analyze Martian hyperspectral data, we 
thus used a spectral derivative method, which has been 
developed to resolve overlapping absorption bands or 
weak spectral features on terrestrial hyperspectral data 
[6, 7]. This method allows the systematic detection of 
all absorption bands in a reflectance spectrum. We 

have used this derivative analysis to obtain maps of all 
absorption bands in OMEGA and CRISM cubes. 

Structures and landforms: The main features ob-
served in the study area are (Fig. 1): 

- The surface of the NPLD. We have observed on 
this surface a subhorizontal plateau that corresponds to 
a well-defined sediment-rich ice layer. This plateau is 
covered by sediment and reveals sublimation land-
forms known as ablation hollows on terrestrial gla-
ciers. We infer that the sediment covering the plateau 
has accumulated at the surface by sublimation of the 
underlying sediment-rich ice layers. 

- Two marginal arcuate scarps. These scarps have 
developed by regressive ablation of the North Polar 
Cap. Dark streamers at the foot of these scarps indicate 
that sediment has been released from ice layers as the 
scarps retreated by sublimation. 

- A part of the Circum-Polar Dune Field. The mor-
phology and the orientation of the dunes indicate that 
the dominant wind blows down the surface of the ice 
cap towards the dune field. 

   
Figure 1: Morphology of the study area (CTX image: 
P01_001593_2635_XI_83N241W). 
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The detailed morphological study of this area re-
veals that the dune field is fed by sediment released 
from arcuate scarps. This sediment, which was initially 
present within the bulk of the ice, now forms ablation 
tills that have concentrated on the ice surface by sub-
limation. Katabatic winds are responsible for its re-
mobilization and its deposition in the Circum-Polar 
Dune Field. 
Mineralogical analysis: Laboratory spectra show that 
when gypsum is mixed with water ice, diagnostic gyp-
sum absorption bands remain at 1.44, 1.93, 2.21 and 
2.27 µm. The absorption bands at 1.44 and 1.93 µm 
are attributed to hydrated minerals. The absorption 
bands at 2.21 and 2.27 µm are due to H2O combina-
tions and/or S-O stretching overtones [8]. The analysis 
of CRISM and OMEGA data using the spectral deriva-
tive method shows that all these absorption bands 
which are diagnostic of gypsum are present in all the 
superficial accumulations of sediment present in the 
study area. These include the dune field, the sediment 
released from the scarps and the sediment associated to 
ablation hollows on the NPLD (Fig. 2). All of this se-
diment thus has the same composition and contains 
gypsum.  

 
Figure 2: Mineralogy of the study area. a) CRISM 
spectra. b) Maps of absorption bands at 1.93 and 2.21 
µm detected by the spectral derivative method. 

We therefore infer that gypsum crystals have not 
formed by in-situ alteration of the dunes but were pre-
sent inside the ice cap and have been released to the 
surface by sublimation of the ice. 

Global study: We are currently applying the spec-
tral derivative method  to an OMEGA mosaic covering 
the whole North Polar Cap and the Circum-Polar Dune 
Field. Our first results on this mosaic show that gyp-
sum signatures are not restricted to the Olympia Undae 
region but cover the whole Circum-Polar Dune Field. 

Conclusion: Circumpolar gypsum-rich deposits 
derive from the North Polar Cap. Gypsum crystals that 
were initially present in the ice cap have been released 
at the surface by sublimation of the ice. This material 
has then been reworked by winds and has accumulated 
in the circum-polar dunes (Fig. 3). 

Two hypotheses remain for the ultimate origin of 
the gypsum crystals. (1) Pre-existing gypsum crystals 
might have been deposited together with ice crystals 
during the formation of the ice cap. (2) Authigenic 
gypsum crystals might have grown within the ice cap 
by weathering of dust trapped in the ice. The second 
hypothesis is consistent with the existence of authi-
genic sulfate inclusions in terrestrial glaciers in 
Greenland and Antarctica glacier [9]. This result is 
also consistent with the previously suggested hypothe-
sis that the formation of Martian equatorial sulfates is 
related to the presence of equatorial ice deposits in the 
past [10]. 

 
Figure 3: Interpretative scenario for the accumulation 
of gypsum at the surface and around the North Polar 
Cap. 
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