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Introduction: Recent observations from the 

OMEGA spectrometer [1] and MRO CRISM instru-

ment [2] indicate that iron-bearing phyllosilicates are 

present on the surface of Mars. These phyllosilicates 

are thought to have formed during the earliest period of 

Martian mineralogical history, the Phyllocian, and later 

may have been oxidized during an apparent global oxi-

dation event(s), as many units include nontronite, a 

ferric iron phyllosilicate clay [1,3]. Multiple potential 

formation pathways for ferric phyllosilicates exist, in-

cluding direct formation under oxidizing conditions or 

oxidative transformation of ferrous iron-bearing phyl-

losilicates initially formed under anoxic conditions.  

The types of phyllosilicates detected, as well as the 

speciation of the elements present within the minerals, 

can yield information about the conditions under which 

these materials were formed, and thus offer insight 

about Mars’ past climate and its water [4]. Our re-

search is focused on investigating the potential that the 

phyllosilicates currently present on Mars can serve as 

indicators of past conditions.  This requires knowledge 

of the phyllosilicate clays produced under distinct for-

mation pathways.  The initial work has focused on syn-

thesizing phyllosilicates containing ferrous iron and 

investigating the products of their oxidation. Ferrous 

saponites are predicted weathering products of mafic 

silicates under anoxic conditions but natural samples 

are rare and unstable at Earth’s surface because of the 

oxidizing atmosphere [5,6]. Given the lack of available 

natural unoxidized ferrous saponite samples synthesis 

is the most viable route to obtaining such phylllosili-

cates for further study [6]. Characterizing the oxidation 

products of these materials will provide insight into 

whether anoxic formation and later oxidation are con-

sistent with ferric iron phyllosilicate clays currently 

seen on Mars. 

Synthesis procedure: The procedure consists of 

precipitating an amorphous metal-silicate gel from so-

lution and then aging this product under hydrothermal 

conditions to create a crystalline phyllosilicate. All 

work was conducted in an anaerobic chamber (Coy 

Laboratory Products) filled with a 3% H2/97% N2 at-

mosphere.  The gel was formed from stock solutions of  

iron(II), magnesium, and aluminum chloride salts and 

sodium metasilicate. The initial amorphous gel was 

washed by suspending in deionized water followed by 

centrifugation and decanting of the supernatant to re-

move excess salt ions. The pH was then adjusted to 8. 

Finally, the precursor was sealed in a degassed Teflon-

lined acid digestion vessel (Parr Instrument Co.) and 

placed into a 150° C vacuum oven that was then back-

filled with N2 gas. After six days of aging, the bomb 

was removed from the oven and the clay underwent 

four further rinsings, centrifugings, and decantings. 

The color of the synthesized samples was consistently 

pale green indicating iron was dominantly in the re-

duced form; ferrous saponites change to a brown color 

upon full oxidation [7,8]. 

Oxidation procedure: Hydrogen peroxide was 

used as the oxidant, as it is thought to play a role in the 

oxidizing character of Martian soils. H2O2 is formed on 

Mars through photochemical and triboelectric 

processes, especially during large-scale dust storms [9]. 

This highly reactive molecule could thus have been 

involved in the oxidation of any earlier-formed clays.  

A synthesized sample was oxidized with a 3% solution 

of hydrogen peroxide. Upon addition of the peroxide, 

the pale green clay turned dark brown in color. 

Characterization: Powder X-ray diffraction 

(XRD) was used to characterize the synthetic iron clay 

in both its pre- and post-oxidized states. Additionally, 

the unoxidized clay was studied using transmission 

electron microscopy (TEM) and iron K-edge X-ray 

absorption fine structure spectroscopy (XAFS). These 

methods will also be used on the oxidized clay samples 

in the near future. 

 
Figure 1: Powder XRD pattern of oxidized and unoxi-

dized clay samples with the (060) peaks inset. Oxi-

dized pattern offset by 100 units. 
 

X-ray diffraction data from a Rigaku diffractometer 

using CuKα radiation (Fig. 1) indicate that the ferrous 

synthetic clay is poorly crystalline and lacks substantial 

stacking order. The position of the (060) peak occurs at 

a d-spacing of 1.55 Å for the unoxidized sample, and 
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1.53 Å for the oxidized sample. Clays whose (060) 

peaks fall in the 1.48-1.52 Å range are predominantly 

dioctahedral, and clays with (060) peaks in the 1.515-

1.56 Å range are predominantly trioctahedral. Our 

XRD data show this shift in (060) peak position to a 

smaller d-spacing upon sample oxidation. Given this 

and the accompanying color change from green to 

brown, we conclude that our attempt to synthesize a 

ferrous phyllosilicate was successful [7,8,10,11]. 
 

 
Figure 2: Bright field TEM image of the unoxidized 

synthetic ferrous iron clay. 

 

TEM images (Fig. 2) collected with an FEI Spirit 

TEM are consistent with the XRD data suggesting a 

phyllosilicate clay lacking substantial stacking order, as 

the material forms thin aggregates without long-range 

structure. The needle-like features are platelets viewed 

on edge. In the future, high-resolution TEM images 

will be collected to enable examination of lattice 

fringes. 
 

 
Figure 3: XANES spectrum of unoxidized synthetic 

clay, compared to a nontronite standard (left), and 

magnitude of the Fourier transform EXAFS data and fit 

of the unoxidized synthetic clay (right). 

XAFS spectra were collected at beamline 20-BM at 

the Advanced Photon Source. The X-ray absorption 

near-edge structure (XANES) spectrum (Fig. 3, left) of 

the synthetic clay is consistent with the predominance 

of Fe(II). The extended X-ray absorption fine structure 

(EXAFS) spectrum (Fig. 3, right) of the unoxidized 

synthetic clay is consistent with Fe(II) in the octahedral 

sheet of a clay. This confirms the conclusions drawn 

from our XRD data. 

Conclusions: The XRD, TEM and XAFS data pre-

sented here support the conclusion that the result of our 

synthesis procedure was a ferrous phyllosilicate, which 

underwent subsequent oxidation by hydrogen peroxide. 

The observed color change of the material upon oxida-

tion, from green to brown, provides further evidence. 

Lack of long-range order is indicated by bright-field 

TEM imaging. Altering the synthesis procedure to al-

low for longer reaction times may yield a product with 

long-range order. 

Future directions: Future research will proceed 

along two related lines. The first focuses on exploring 

the oxidiation products of synthetic ferrous iron-

bearing clays under a range of conditions. The second 

focuses on characterizing clay formation during anoxic, 

oxidative weathering of olivine and pyroxene. These 

two lines of research represent alternative formation 

pathways for ferric iron-bearing clays on Mars: direct 

precipitation from solution, or by primary mineral wea-

thering. These studies will provide a scientific basis for 

using observation of phyllosilicates as indicators of 

past conditions on Mars. 
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