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Introduction: The presence of magnesium sulfate on
Mars has been reported from OMEGA spectral imager
data and MER data™. Vapor pressure and temperature
conditions on the surface of Mars suggest polyhy-
drated Mg-sulfates may exist in Martian soils. Phase
stability-relationships among the various Mg-sulfate
hydrates are surprisingly complicated, may include
metastable phases and can vary with reaction pathway
and metal substitution.

Recent laboratory experiments to characterize the
polyhydrated Mg-sulfates have included: the system-
atic study of distinct Raman spectral patterns for each
of the Mg-sulfates™™, X-ray diffraction analysis of
phase transitions at controlled relative humidity ! and
water-vapor pressure and temperature controlled equi-
librium studies!®. These studies have contributed
greatly to our understanding of the complicated reac-
tion pathways and phase stabilities among the possible
Mg-sulfate minerals on Mars. The present study was
undertaken to examine the effect of metal substitution
on the hydration and dehydration pathways of hydrous
metal sulfates.

On Earth occurrences of hydrous metal-sulfate
minerals are rarely composed of species with end-
member chemical compositions and generally reflect
the chemistry of the solutions and metal-sulfide miner-
als from which they were derived. Epsomite group
minerals are intolerant of significant Fe-substitution
and solutions with <0.005 mol% Fe or Cu precipitate
crystals with the goslarite structure whereas solutions
of >0.01 mol% Fe or Cu, yielded coexisting epsomite
and melanterite group phases®™. Furthermore, the re-
cently discovered and characterized mineral alpersite
(Mg,Cu)SO,- 7H,0® has the melanterite group mineral
structure and contains no Fe. The focus of this study is
to explore the effect of metal substitution on the hydra-
tion/dehydration behaviour and fields of stability of
some of the hydrous metal-sulfate minerals.

Experimental Procedure: Several compositions
of  orthorhombic  epsomite  group  minerals,
M?*S0,7H,0 (M?** = Mg, Zn) and monoclinic
melanterite group minerals, M**S0,-7H,0 (M?* = Fe,
Mg, Zn) were synthesized. Samples were placed in a
glove-box humidity chambers of different relative hu-
midities and hydration and dehydration experiments
were conducted for up to one year at 1 atm and a tem-
perature of 23 + 3°C. Samples were sub-sampled peri-
odically for phase identification by X-ray diffraction
analysis.

Results: The results of these experiments are pre-
sented in the constructed equilibrium phase diagrams
of (Fe, Mg, Zn)-substituted hydrous sulfate minerals
and illustrate the change in hydration-dehydration
pathways due to metal substitution. Results include
stable equilibrium phases and non-equilibrium inter-
mediate phases which may or may not have fields of
stability outside the conditions employed in this study.
Epsomite group minerals dehydrate to stable hexahy-
drite and kieserite group minerals with rozenite group
minerals occurring as an intermediate phase and min-
erals of the melanterite group are stable as rozenite and
kieserite group minerals with hexahydrite group min-
erals occurring as an intermediate phase. The fields of
stability of hydrous sulfate minerals were observed to
extend to lower relative-humidity with increasing Mg-
substitution.

Of particular interest was the metastable phase of
boyleite ZnSO,4H,0 (isostructural with starkeyite
MgS0,-4H,0) that was observed as a single phase in
the dehydration of goslarite ZnSO,-7H,0 (isostructural
with epsomite MgSO,-7H,0) prior to dehydration to
gunningite ZnS0O4-H,O (isostructural with epsomite
kieserite MgSQO,4-H,0). Equilibrium stability condi-
tions for this mineral are currently unknown. Results
of phase equilibria experiments, as they relate to the
ZnS04-H,0 system, will be presented and compared
with the results of an experiment designed to investi-
gate possible dehydration pathways in the ZnSO4-H,0
system.

The careful characterization of mineral phases pre-
sent in at the Martian surface requires a detailed under-
standing of the often complicated hydrous sulfate min-
eral phase relationships. Experimental studies de-
signed to observe and characterize the hydration and
dehydration behaviour of the hydrous metal sulfates
with respect to relative humidity, temperature and
chemical compositions are essential to our understand-
ing of these complicated mineral relationships.
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