
IDENTIFICATION OF MAGNESIUM SULFATE HYDRATION STATE DERIVED FROM NIR 
REFLECTANCE SPECTROSCOPY.  G. Bonello1, P. Berthet2 and L. d’Hendecourt3, 1IASF, INAF, via del fosso 
del cavaliere, 100, 00133 Roma, ITALY (guillaume.bonello@rm.iasf.cnr.it), 2 LPCES, Université Paris-Sud, 91405 
Orsay, FRANCE, 3IAS, Université Paris-Sud, 91405 Orsay, FRANCE. 

 
Introduction:  OMEGA, for the first time, has 

identified sulfates associated to layered deposits in 
Terra Meridiani and Valles Marineris using imaging-
spectroscopy in the visible and near infrared wave-
length ranges [1]. Magnesium sulfate has been identi-
fied in monohydrated state and is one candidate that fit 
the OMEGA spectra in polyhydrated state. These ob-
servations are consistent with in-situ analyses that have 
demonstrated an important occurrence of the sulfur 
element correlated to magnesium leading many authors 
to the concept of magnesium sulfate salt as a wide-
spread cementing agent in Martian soils [2,3,4]. Thus, 
it could be considerate as a potential water storage 
constituent of the regolith that would account for 
equatorial H2O amount observed by the Odyssey 
spacecraft [5,6]. A recent study [7] has studied the 
crystalline structure and H2O content variations of 
hydrated magnesium sulfates (MgSO4.nH2O) with 
pression, temperature and relative humidity conditions. 
It has shown the possible stable phases of hydrated 
magnesium sulfates under Martian surface conditions 
for short term (diurnal) or long term evolutions. The 
present work is a first step in making a comprehensive 
analysis of spectral features related to hydration state 
(water content) of magnesium sulfates. 

Methods:  We have compared thermogravimetric 
analyses and NIR reflectance spectra on a sample of 
synthesized epsomite (MgSO4.7H20, 50.2% of H2O) in 
order to correlate spectral signatures with hydration 
state. Thermogravimetric measures have been realized 
at the LPCES (Orsay, France) on 44.9 mg of sample 
powder with grain size <50 µm. Infrared reflectance 
spectra have been realized using a Bruker IFS66V 
FTIR spectrometer equipped with a Selector reflec-
tance toolkit [8]. Spectra were acquired under dry ni-
trogen conditions in the 8000-1500 cm-1 (1.25-
6.66 µm) range at 20 cm-1 resolution. We used a tem-
perature regulated furnace to heat the samples that 
were taken out at given time to measure the spectra. 
Additionally to the dehydration of epsomite, we have 
recorded spectra of well crystallize synthesized hexa-
hydryte, kieserite and anhydrous magnesium sulfate. 

Results:  Thermogravimetric profile.  Fig. 1 pre-
sents the result of the thermogravimetric analyze of 
our epsomite sample. The weight lost was considerate 
as only due to water. The weight of the residue being 
considerate as the anhydrous phase of MgSO4. We, 
then, rescaled the weight lost axis in terms of percent-
age of water mass content. We figure out, on the plot, 

the theoretical positions of the different hydrated 
phases. Our sample seems to start with an excess of 
water content with respect to the nominal composition 
of epsomite (52.3% instead of 50.2%). Hexadrite 
phase appears around 105°C but without clear curve 
step, it may be due to a too fast heating speed or that 
the phase appears more continuously with the tempera-
ture. Kieserite appears at 190°C and the anhydrous 
phase is obtained for temperatures over 300°C. 

 

Fig 1: Thermogravimetric profile (10°C/min) in argon 
atmosphere of the epsomite sample. 

Reflectance spectra.  Fig. 2 presents representative 
spectra of the dehydration sequence that we have con-
duct on the epsomite sample. In this case, the sample 
has been placed in a furnace regulated at fixed tem-
perature. At 100°C we observed the dehydration from 
slightly over-hydrated epsomite to hexahydryte that 
appears very stable in time (same spectra after 2h30). 
Note that we obtained the same results when epsomite 
sample is dehydrated in vacuum condition to hexahy-
dryte that also appears to be very stable in these condi-
tions (same spectra after 12h). This is consistent with 
previous works that have shown that epsomite trans-
forms readily to hexahydryte by loss of polyhedral 
water (less bounded) at 50-55% of relative humidity at 
25°C [9]. Spectral features at 1.5 and 2.0 µm in ep-
somite move to 1.44 and 1.93 µm respectively in hexa-
hydryte. We also note that the feature at 1.63 µm 
disappears in the spectra of hexahydrite. At higher 
temperature, we observe a mix between hexahydryte 
and kieserite spectral features that corresponds to a 
slowly loss of hexahydryte phase in favor of kieserite. 
Nevertheless, the contrast of the bands lowers with 
heating temperature and duration. This is interpreted as 
an effect of crystalline structure loss that has been evi-
denced by previous authors [7]. The maximum tem-
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perature of our furnace and the limited time of experi-
mentation has not permitted to reach the full dehydra-
tion of our sample. In order to complement this dehy-
dration investigation, we have acquired reflectance 
spectra of synthetic samples of magnesium sulfates. 
Spectra of synthetic epsomite and hexahydryte are 
similar to our dehydration sequence. Spectra of syn-
thetic kieserite presents deeper characteristic absorp-
tion bands which confirms: 1/ mono-hydrated magne-
sium sulfate presents shifted water bands from 1.44 
and 1.93 µm in hexahydryte to 1.52 and 2.07 µm in 
kieserite and an additional feature at 2.4 µm; 2/ spec-
tral band contrast is dependent of crystal-
line/amorphous state of the samples. 

 

Fig 2: Reflectance spectra of the dehydration sequence 
of epsomite sample. The dashed plot represents the 
spectra of hexahydrite (MgSO4.6H2O). The top spectra 
is the driest state obtained. Each spectra have been 
rescale at 2.3 µm and offset for clarity. 

Conclusion:  We have shown that both water con-
tent and crystalline structure affect the reflectance 
spectra of hydrated magnesium sulfates stable on 
earth. In the case of a well crystallized structure, spec-
tral features of the three hydrated phases are unambi-
guously identified by the mean of reflectance spectros-
copy which can be used to derive hydration state of 
such materials. Nevertheless, the presence of amor-
phous phase reduce the band contrast and can lead to 
underestimation of water content when using models 
based on band depths criteria. 
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Fig 3: Reflectance spectra of well crystallized synthe-
sized samples of the magnesium sulfates stable on 
Earth. Each spectra have been rescale at 2.3 µm and 
offset for clarity. 
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