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aBstract

A temperature-controlled sample stage with an operational range of c60 sC above or below ambient 
laboratory temperature (c –35 to 85 sC) was constructed for in situ X-ray diffraction of minerals and 
materials using a Bruker D8 Discover diffractometer with V-V geometry. The stage was primarily designed 
for characterizing mirabilite-bearing samples from a Mars analog High Arctic perennial cold spring at an 
in situ temperature. Operation of the stage was demonstrated through the analysis of a synthetic sample 
of the hydrated sodium sulfate, mirabilite (Na2SO4·10H2O). Mirabilite was held at –25 sC for approxi-
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temperature at 5 sC intervals, during the acquisition of in situ diffraction data. At ambient laboratory 
temperature, the mirabilite dehydrated and only polycrystalline thenardite (Na2SO4) remained. Prelimi-
nary analysis of the cold spring precipitates demonstrates that when mirabilite is present in the sample 
the dehydration reaction is occurring between collection and analysis at ambient laboratory temperature. 
This temperature-controlled stage was designed for versatility and ease of X-ray access, with applica-
tions that can extend to many geological and planetary settings, including Mars analog environments.
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introduction

Wolf Spring is a perennial cold spring on Axel Heiberg Island, 
Nunavut, Canada (Fig. 1a), produced by the flow of water through 
permafrost and a gypsum-anhydrite diapir in the subsurface, which 
generates evaporitic precipitate minerals around the main vent 
(Pollard et al. 2009). It has been proposed as a terrestrial Mars 
analog with implications for martian mineralogy (Battler et al. 
2013) and astrobiology (Niederberger et al. 2010; Lay et al. 2012). 
A mineralogical study of the cold spring carried out by powder 
X-ray diffraction (pXRD) at ambient laboratory temperature by 
Battler et al. (2013) suggested that halite, thenardite, gypsum, mi-
rabilite, other Na-bearing sulfates, and presumed detrital minerals 
(such as quartz, plagioclase, and clays) were abundant minerals at 
the spring site. However, a subset of mineral samples underwent 
changes in mechanical and physical properties between sampling 
and analysis in the laboratory, interpreted to be dehydration of 
mirabilite (Na2SO4·10H2O) to thenardite (Na2SO4) (Battler et al. 
2013). This suggested that mirabilite may be a more abundant 
phase at the spring site than suggested by laboratory pXRD under 
ambient conditions. In this study, we constructed a sample stage 
to enable in situ temperature-controlled micro-X-ray diffraction 
(RXRD) of these mineral samples, as well as other geological and 
planetary materials.

Beginning at approximately 0 sC and continuing with warm-
ing to 32.4 sC, mirabilite dehydrates to thenardite, with both 
temperature and relative humidity (RH) controlling the vigor of 
the transition (Hamad 1967; Cardell et al. 2007). An approxi-
mately linear boundary between the stability fields of mirabilite 
and thenardite exists between 0 sC and c60% RH and 32.4 sC 
and c85% RH, with mirabilite above this phase boundary, stable 
at the higher relative humidity, and thenardite below (Flatt 2002; 
Genkinger and Putnis 2007). Therefore, at ambient temperatures 
(c22 sC) and RH (55–65%), mirabilite is unstable and does not 
retain water in its crystal structure. Wolf Spring’s average perennial 
vent water temperature is between –5.9 to –4.7 sC (Niederberger 
et al. 2010), with the late-April to mid-July sediment temperatures 
underlying the outflow channels ranging from –18 to 9.2 °C (Lay 
et al. 2012). The spring site thus frequently remains in the stability 
field of mirabilite.

Subsequent mineralogical sampling of the Wolf Spring vent 
(Fig. 1b) was executed with the intention of keeping the samples 
below 0 sC to allow for any hydrated sulfates to remain in the 
hydrated state for later temperature-sensitive laboratory analysis. 
Figure 1c depicts the context of one of these samples, LH-11-
01B, which was involved in the experiment discussed below. The 
temperature-controlled stage for X-ray diffraction would require 
the ability for analysis below 0 sC, preferably at temperatures 
down to –25 sC, and then allow for the warming of the sample to 
particular temperatures, such as the average perennial spring water 
temperature of c –5 sC, and hold the sample at this temperature 
while diffraction data were collected. A temperature-controlled 


