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LETTER

Meridianiite: A new mineral species observed on Earth and predicted to exist on Mars
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ABSTRACT
Meridianiite, MgSO4·11H2O, was recently discovered on the surface of a frozen pond in central
British Columbia, Canada. Meridianiite is stable below 2 °C. Above 2 °C, it melts incongruently to a
slurry of epsomite (MgSO4·7H2O) and water. Magnesium sulfate minerals are thought to exist in the
soils at Gusev crater and elsewhere on the Martian surface. These minerals can form by precipitation
from a saturated solution or through evaporation of a brine solution at or below the surface. Meridianiite, instead of epsomite, is the expected magnesium sulfate phase in equilibrium with saturated brines
below 2 °C on or below the Martian surface. It is expected to be the magnesium sulfate mineral in
equilibrium with ice in the Martian polar ice caps. Meridianiite, if exposed to low humidity conditions
in equatorial regions of Mars, would ultimately dehydrate to a Þne dust of kieserite (MgSO4·H2O) that
could be dispersed by wind across the Martian surface. The name, meridianiite, was chosen to reßect
the locality on Mars where the MER rover Opportunity observed crystal molds in sedimentary rock
that are thought to be caused by minerals that have since dehydrated or dissolved.
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INTRODUCTION
Hydrated magnesium sulfates in various forms likely exist
throughout the solar system on planets, moons and asteroids.
Carbonaceous (C1) chondrites contain up to 20% by weight of
soluble salts of various degrees of hydration (Kargel 1991; Fortes
2005). MgSO4·nH2O may exist on and below the surface of the
Jovian moons Europa and Ganymede. It has been suggested that
features observed on their surfaces are a result of hypersaline
brine volcanism and plate tectonics (Gregg and Lopes 2004)
that are driven by the density differences and melting points
of various minerals in the Mg-Na-K-SO4-Cl-H2O system.
These minerals could include meridianiite (MgSO4·11H2O),
epsomite (MgSO4·7H2O), water ice, frozen CO2, mirabilite
(Na2SO4·10H2O), and natron (Na2CO3·10H2O).

DATA, IMAGES, AND ANALYSIS
The Mars Exploration Rovers (MER) Spirit and Opportunity
have been returning spectroscopic and photographic data of the
regolith at Gusev Crater and Meridiani Planum, respectively.
Observations obtained by using the rover wheels to dig trenches
into the Martian soil indicate that magnesium sulfate minerals,
with minor calcium sulfates and possibly iron sulfates have been
deposited in the subsurface regolith at Gusev crater (Wang et
al. 2006). Based on spectroscopic measurements (Arvidson et
al. 2005), the magnesium sulfate is thought to exist as kieserite
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(MgSO4·1H2O) as well as starkeyite (MgSO4·4H2O), hexahydrite
(MgSO4·6H2O), and epsomite. The most probable model for the
formation of these sulfates involves saturated sulfate solutions
as either a periodic ßuid inÞltration and precipitation or as an
open hydrologic system where sulfates precipitate through ion
transport in a ßuid and precipitation resulting from evaporation
and the resulting super saturation of the ßuid. Evidence from
sedimentary textures support the presence of solutions on the
surface of Mars in the past (Hynek 2004; Squyres et al. 2004).
The temperature of the Martian surface varies widely with latitude and season. In the polar regions, the temperatures may be
as low as –140 °C in winter and in equatorial regions in summer
as high as 25 °C. Across wide regions of Mars the temperature
is below 0 °C and the magnesium sulfate phase in equilibrium
with a saturated brine solution or ice at these temperatures is
meridianiite (MgSO4·11H2O).
Images of euhedral molds in rock, obtained by the MER
Opportunity, are interpreted as being the result of dissolution of
soluble crystals (Squyres et al. 2004; Herkenoff et al. 2004). The
substance that left these molds in the rock after dissolving has
been suggested to be gypsum (CaSO4·2H2O) or ice (Wdowiak
2007). These molds may also have formed through the dissolution of meridianiite, based on the observed magnesium-rich
chemical composition of the soils (Wang et al. 2006) and the
similar shape of the molds to the crystal forms exhibited by synthetic MgSO4·11H2O (Peterson and Wang 2006). Furthermore,
MgSO4 saturated solutions may persist in the polar regions of
Mars in equilibrium with ice and provide ideal conditions for
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