
CRYOGENIC REFLECTANCE SPECTROSCOPY OF HIGHLY HYDRATED SULFUR-BEARING
SALTS.  J.B. Dalton1, C.S. Jamieson2, R.C. Quinn3, O. Prieto-Ballesteros4 and J. Kargel5, 1SETI Institute, MS 245-
3, NASA Ames Research Center, Moffett Field CA 94035-1000 email:     dalton@mail.arc.nasa.gov    , 2University of
Hawaii, Manoa, email:     csjamieso@hawaii.edu    . 3SETI Institute, MS 239-12, NASA Ames Research Center, Moffett
Field CA 94035-1000 email:    rquinn@mail.arc.nasa.gov    . 4Centro de Astrobiologia, (CSIC/INTA), Torrejón de Ardoz,
Madrid (España) e-mail: prietobo@inta.es. 5Astrogeology Team, U.S. Geological Survey, 2255 N. Gemini Dr.,
Flagstaff, AZ 86001 e-mail: jkargel@usgs.gov.

Introduction:  Asymmetric and distorted absorp-
tion features in the near-infrared indicate the presence
of hydrated materials on the surface of Europa [1]. A
number of species have been proposed as the material
which plays host to the waters of hydration. The most
promising class of these may well be the ones which
retain high numbers of water molecules. Earlier work
[2,3] has shown discrepancies between near-infrared
spectra of disrupted terrains on Europa gathered by the
Galileo NIMS instrument and the spectral behavior of
hydrated salts of low hydration states. Other work
[4,5,6,7] indicates that these discrepancies are reduced
at higher levels of hydration. Here we report additional
laboratory measurements which strengthen the case for
highly hydrated materials on Europa.

Europa Compared to Water Ice: Figure 1 depicts
the spectrum of dark plains units on the trailing hemi-
sphere of Europa compared to cryogenic spectra of
hydrates and brines. The primary water absorption
features near 1.0, 1.25, 1.5 and 2.0 microns (µm) are
shifted and distorted in the Europa spectrum. These are
composed of several smaller absorptions which com-
bine to produce the broader features. Narrower ab-
sorptions such as the crystalline water ice absorption
feature at 1.65 µm can be discerned in the Europa
spectrum, particularly between 1.5 and 2.0 µm.

Absorption features of hydrated salts: Note also
the well-rounded shoulders at the right of the 1.0- and
1.25-µm features in the Europa spectrum of Figure 1.
These are affected by minor absorptions in the hy-
drated salt spectra, notably the epsomite spectrum di-
rectly above the Europa spectrum. Minor absorptions
become more pronounced in the hydrates because the
host molecule obstructs the interactions between inde-
pendent H2O molecules which cause molecular vibra-
tions to occur over a broader frequency range. At low
temperatures such as those found on the icy satellites,
further reduction in interaction between energy states
results in enhanced separation of these spectral fea-
tures. This effect is subdued in molecules of higher
hydration state because the increased number of water
molecules are able to interact more freely.

Effect of Increasing Hydration:  Epsomite
(MgSO4•7H2O) displays the asymmetric absorption
features endemic to the hydrates. However, it does not

have the same shape as the Europa spectrum and con-
tains a number of additional features not seen on Eu-
ropa. Sodium sulfide nonahydrate (Na2S•9H2O) has
broader absorption at 2.0 µm due to the greater number
of water molecules, but the orientation of the hydrated
waters about the sulfide gives rise to several absorp-
tions at very different energies than seen in the sulfate
hydrates; note the center positions of the 1.5- and 2.0-
µm absorptions as compared to the sulfate hydrates.
Mirabilite (Na2SO4•10H2O) begins to more closely
approximate the Europa feature shapes, but again ex-
hibits additional features, notably at 1.75 and 2.2 µm.

Magnesium Sulfate Dodecahydrate: We have suc-
cessfully synthesized magnesium sulfate dodecahy-
drate (MgSO4•12H2O) using a compressed-helium cry-
ostat with programmable temperature controller at
NASA-Ames Research Center. We began with a
stoichiometrically appropriate mixture of
MgSO4•7H2O and H2O, which was placed in the envi-
ronment chamber under dry nitrogen atmosphere. The
temperature was programmed to oscillate about the
eutectic and peritectic with a gradually decreasing am-
plitude over 16 hours. Each cycle resulted in solvation
of a higher proportion of H2O, until the entire mixture
had become dodecahydrite. The identity has been veri-
fied using differential scanning calorimetry. Because
the dodecahydrate decomposes at temperatures above
267 K, the sample was maintained at subfreezing tem-
peratures using a liquid nitrogen bath during transfer
the calorimeter. Temperature-dependent spectra of the
dodecahydrate are shown in Figure 2. The absorption
features at 1.5 and 2.0 µm display the same asymmetry
as the Europa features, with fewer additional absorp-
tions as seen in the lower hydration state samples.
However, as with the other hydrates, a cation-OH
stretch at 1.35 µm [8] is apparent cutting into the
shoulder of the transition between the 1.25- and 1.5-
µm bands, in contrast to the well-rounded shoulders
seen in the Europa and water ice spectra. At tempera-
tures relevant to Europa (100K), fine structure in the
dodecahydrate spectrum becomes apparent.

MgSO4 and Na2CO3 Brines: When sufficient water
is present to create a brine, many of these small spec-
tral features become subdued [7]. This is partly due to
the interactions with the numerous water molecules,
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and partly due to scattering between salt and water
grains within the frozen brine mixture [2]. However,
the additional water also broadens the 2.0 micron fea-
ture, while failing to completely negate the 1.35-
micron cation-OH stretch. Flash-freezing of brines or
other solutions limits crystal growth times, creating
many small crystals which act as scattering centers.
Scattering centers decrease spectral contrast, reducing
the influence of individual spectral features [2,9].

Mixtures: While no single material has yet pro-
vided a satisfactory match to the Europa spectrum,
none have been conclusively ruled out on the basis of
spectral arguments, either, and may be present in low
abundances. Neglecting stability considerations, many
of these materials could be present at 5 to 30 percent
levels by weight. A mixture of several materials with
coincident features at 1.5 and 2.0 microns could pro-
duce a spectral match without any one material con-
tributing a strong enough discrepancy to contradict the
NIMS data. While this has been tried with limited suc-
cess using materials of low hydration state [1,2,3] new
spectral measurements of highly hydrated materials
[4,5] offer the potential to significantly improve upon
these earlier studies.

Figure 1. Galileo NIMS spectrum of dark terrain
on Europa (bottom) with cryogenic laboratory spectra
of hydrated salts and brines. All laboratory spectra
were measured at 100K.

Conclusions:  As the number of waters of hydra-
tion increases, the near-infrared spectra of hydrated
salt compounds begin to more closely approximate the
Galileo NIMS results. Magnesium sulfate dodecahy-
drate exhibits uncanny yet imperfect similarities to the
NIMS observations. Discrepancies remaining in the
fine structure of brine and hydrate spectra (such as at
1.34 µm) could be exploited by a properly designed
instrument to determine not only the materials, but also
the relative proportions of materials, that make up the
surface layer. Further laboratory measurements of as-
yet unexamined compounds in the hydrate family may
reveal even better correspondences.
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Figure 2. Laboratory spectra of magnesium sulfate
dodecahydrate. At warm temperatures the water of
hydration absorption features are smooth; fine struc-
ture is most pronounced at cold temperatures.
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