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Introduction:  Clay minerals provide a source of 

water, metals and cations that can be harvested to pro-
vide resources for human exploration on Mars, aster-
oids and other planetary bodies. Planning how to ac-
cess these resources from clays could be a vital com-
ponent of future human exploration. Mark Whatney 
(The Martian) missed an opportunity to extract re-
sources from the clays and other minerals on the sur-
face of Mars. We need to prepare for this opportunity 
through experiments on clays and other minerals that 
represent potential resources for human missions. 

Clay Minerals in our Solar System:  Phyllosili-
cates are common aqueous alteration products on 
Earth, and are also present in thousands of locations on 
Mars and in a few meteorites, asteroids and comets. 
Clay minerals are readily detected from orbit or remote 
sensing by the distinctive OH and H2O bands in near-
infrared (NIR) spectroscopy [e.g. 1].  Clay minerals 
have been detected on the asteroid Ceres [2,3] and in 
some chondrites and Martian meteorites [4-6]. 
Nontronite clay was also detected at comet Tempel-1 
using mid-IR spectra [7]. 

Clay Minerals on Mars:  The martian surface is 
covered with clay mineral exposures wherever the an-
cient rocks are visible [e.g. 8-10]. Fig. 1 illustrates how 
these clays may have formed on early Mars when liq-
uid water was present on the surface. The Mawrth Val-
lis region exhibits clay-bearing rocks that likely 
formed in such aqueous environments (Fig. 2). These 
phyllosilicates were buried over time and are exposed 
on the surface where the caprock is eroded. Clay min-
erals may have also formed in subsurface environ-
ments in some locations such as Nili Fossae [11]. 

 
Fig. 1 Diagram of clay formation on Mars.  Phyllo-
silicate formation was likely a pervasive process in 
aqueous environments on early Mars (<~4 Gyr). Sub-
sequently, much of the phyllosilicate-bearing unit was 
covered and the water disappeared. Thus, phyllosili-
cates may be even more wide-spread just below the 
surface on Mars [12]. 

 
Fig. 2  Regional clay-rich outcrops across Chryse 
Planitia. Fe/Mg phyllosilicates are mapped in red over 
MOLA terrain and include nontronite, saponite, chlo-
rite and serpentine. Al/Si-rich alteration products are 
shown in blue, and are comprised of kaolins, smectites, 
opal and allophane [1]. 

 
Fig. 3  View of light-toned phyllosilicate-rich mate-
rial at Mawrth Vallis. This HRSC stereo mosaic 
shows the abundance of clay-bearing light-toned ter-
rain exposed on the surface. CRISM parameters are 
overlain to indicate variations in the clay minerals and 
hydrated phases present [13]. 

Phyllosilicates on Mars are frequently observed in 
light-toned, layered outcrops, such as those in the 
Chryse Planitia region (Figs. 3-4). Typically Fe/Mg-
smectite clays are present as a thick unit lower in the 
clay stratigraphy, while sulfates and Al/Si-rich materi-
als are often present in upper units [e.g. 10, 12]. This 
stratigraphy is especially well documented in the 
Mawrth Vallis region. Poorly crystalline aluminosili-
cates (e.g. allophane, imogolite) exist at the top of the 
clay stratigraphy here (Fig. 4) [14] and are abundant 
surface components at Gale crater as well [e.g. 15].  
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Fig. 4  Variations in clay units at Mawrth Vallis. 
This 3D view of CRISM image FRT0000AA7D dis-
plays the allophane/imogolite unit above the crystalline 
clay-bearing units with 5X vertical enhancement [14]. 
The spectra illustrate shifts in the bands for the allo-
phane/imogolite-rich unit (1, green), the montmorillo-
nite/hydrated silica unit (2, blue) and the Fe/Mg-
smectite unit (3, red). Grey lines mark bands near 1.41, 
1.92-1.93, and 2.19-2.20 µm. 

Resources Available from Clay Minerals:  Phyl-
losilicates are composed of sheets of FeO/OH, 
MgO/OH, or AlO/OH in octahedral configurations 
connected to sheets of connected SiO4 tetrahedra (Figs. 
5-6). Smectite clays have a layer of H2O molecules 
bound to Na or Ca sandwiched in between the metal-
bearing sheets and adsorbed H2O on all surfaces. This 
adsorbed water is typically released ~100-150 °C and 
the bound water can be harvested by heating to ~300 
°C [e.g. 16]. Retrieving water from poorly crystalline 
aluminosilicates is even easier because of the reduced 
structural integrity and high surface area [e.g. 17]. 

 
Fig. 5  Mineral structure of smectite clays. This dia-
gram illustrates the water molecules (blue) and Na/Ca 
cations (black) in the interlayer region (blue), metal 
cations in the octahedral layer (red), and Si in the tet-
rahedral layer (green) [18]. 

 
Fig. 6  OH bonds in phyllosilicate structures. This 
diagram illustrates the bonding configuration of the 
octahedral layer [from 18]. The OH stretching (blue) 
and bending (pink) motions have vibrational energies 
that depend on the type of metal cations (M) occupying 
the octahedral sites in the mineral structure.  

What is Needed Now: Preparation for future hu-
man missions should include plans for harvesting re-
sources from the surface rocks. Hydrated clay minerals 
and the associated poorly crystalline aluminosilicates 
are abundant at the surface and near surface on Mars. 
We need to document their global presence more pre-
cisely with future NIR imaging spectrometers (at least 
1.2-2.6 µm) and characterize clays and associated hy-
drated phases at the landing site with VNIR spectros-
copy (~0.4-4 µm). Lab experiments are also needed to 
determine optimal procedures for extracting water, 
cations and metals from clays and related minerals. 
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