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absTracT

The spectral behavior of gypsum dehydration in the visible to near-infrared (350–2500 nm) wave-
length range was investigated by partially dehydrating the four main habits of gypsum (alabaster, satin 
spar, selenite, and massive) to form bassanite. Powdered samples of gypsum dehydrated at 100–115 
°C and hand samples dehydrated at 115–130 °C, coinciding with a peak in mass (water) loss in the 
samples. As gypsum dehydrates, its characteristic H2O absorption bands at 1443 and 1945 nm shift 
to shorter wavelengths. Band depths and widths of absorptions at ~1200, 1400–1600, 1750, 1945, 
2100–2200, and ~2400 nm all decrease with increasing temperature. The samples also underwent 
visible changes upon dehydration, both at the macroscopic and microscopic level, becoming very 
friable with an increase in fine grains. No consistent relationship was observed between dehydration 
temperature and grain size or habit. The samples were monitored for up to 20 months after dehydration, 
during which time none rehydrated to form gypsum. While the transition from gypsum to bassanite 
is very abrupt, bassanite does not readily rehydrate to form gypsum again in ambient conditions, and 
therefore may not be as unstable as previously thought by terrestrial occurrences of bassanite being 
predominantly restricted to hyperarid climates.
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inTroducTion

Gypsum (CaSO4⋅2H2O) and bassanite (CaSO4⋅0.5H2O) 
are commonly formed on Earth in marine and saline lake 
evaporite sequences and hydrothermal systems. Other formation 
mechanisms of gypsum include hydration of primary anhydrite 
(CaSO4), as a reaction product of sulfuric acid and carbonate 
rocks in oxidizing sulfate deposits, and from sulfurous volcanic 
gases acting on Ca-bearing rocks. While gypsum is the most 
common terrestrial evaporite mineral, bassanite is much rarer, 
often forming via dehydration of primary gypsum. Bassanite can 
also form as a primary evaporite mineral in higher temperature 
settings, via desiccation of primary gypsum, or by evaporation 
of highly saline solutions (Peckmann et al. 2003; Vaniman and 
Chipera 2006). On Earth, bassanite is thought to only be stable 
in very arid climates, such as in certain soils in Egypt (Mees 
and De Dapper 2005), Australia (Arakel 1980), Death Valley 
(Hunt et al. 1966), and Kuwait (Gunatilaka et al. 1985). Often 
this stability is only seasonal, with the bassanite rehydrating to 
gypsum once wetter conditions return (e.g., Hunt et al. 1966; 
Gunatilaka et al. 1985). Gypsum has also recently been detected 
spectroscopically on Mars (e.g., Langevin et al. 2005; Wray et 
al. 2009), as well as bassanite (Wray et al. 2010), making these 

minerals of interest to the Mars science community as they imply 
the former presence of water.

The primary goal of this study is to document the visible 
to near-infrared (VNIR) spectral behavior of the gypsum to 
bassanite transition and to investigate the stability of bassanite 
formed from dehydration of gypsum at ambient conditions. To 
do this, an experiment was conducted to dehydrate gypsum while 
observing how the absorption spectrum changed in the 350–2500 
nm range upon dehydration. VNIR reflectance spectroscopy was 
chosen because it is widely used for both terrestrial and planetary 
remote sensing purposes and is often used to distinguish between 
hydrated mineral phases.

Gypsum and bassaniTe

Gypsum occurs in four main polycrystalline habits (e.g., 
Raman and Jayaraman 1954): alabaster, a white, semi-opaque 
aggregate of randomly oriented small crystals; massive, similar to 
alabaster but an aggregate of larger crystals; satin spar, a fibrous 
form with fibers lying along the crystallographic c-axis; selenite, 
a translucent aggregate of rods/sheets with their normal parallel 
to the b-axis. Bassanite occurs in two crystalline habits: large 
euhedral crystals and small, white acicular (needle-like) crystals 
(e.g., Hildyard et al. 2011).

The basic structural unit of gypsum is a chain of alternating 
edge-sharing SO4 tetrahedra and CaO8 polyhedra running parallel 
[101]. These chains are connected via shared edges of the CaO8 
to form corrugated layers parallel to {010} separated by layers 
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