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Introduction:  Phyllosilicates, or clay minerals, are 
hydrated minerals that generally form as a result of 
water-rock interaction. The presence of clay minerals 
on Mars has been suspected since the Viking landers 
returned elemental composition data of soils [1].  More 
recently, clay minerals have been identified on Mars 
by orbiter-based spectroscopic analyses, as well as in 
situ chemical analyses by the Mars Exploration Rov-
ers.  Clay-rich materials on Mars may thus indicate 
areas where liquid water was once present and where 
life could have existed.  If life did indeed exist on 
Mars at the time of their formation, these clay minerals 
may contain traces of past Martian life.    
 
Clays on Mars: Various Al-, Fe-, and Mg-rich clay 
minerals have been identified on Mars by orbiter-based 
spectroscopic analyses  (Fig. 1), as well as in situ 
chemical analyses by the Mars Exploration Rovers.  In 
particular, the OMEGA instrument on Mars Express 
detected the presence of smectites (montmorillonite 
and nontronite) and chamosite in various crustal loca-
tions by visible-near-infrared hyperspectral reflectance 
imagery [2, 3].  These clays, located mainly in the an-
cient highlands, are believed to be early to late Noa-
chian in age and represent some of the most ancient 
materials exposed at the Martian surface [4]. Their 
presence suggests an early active hydrologic system, 
and the formation of these abundant and widespread 
clays would have required the presence of persistent 
liquid water over extended periods of time.  These 
deposits may therefore represent some of the best 
places to search for past habitable environments and 
traces of relict life on Mars.   
 

 
Figure 1: HRSC 3D perspective view of the Marwth Vallis 
area (shades of grey); areas colored in blue contain hydrated 
clay minerals as identified by OMEGA.  Credits: 
ESA/OMEGA/HRSC. 

Biomineralization of Clays on Earth:  On Earth, clay 
mineral formation has been intimately linked to micro-
bial activity in both natural systems [5] and laboratory 
cultures [6-8].  In particular, Al-, Fe- and Mg-rich clay 
minerals formed in volcanic weathering environments 
are often directly associated with microbial communi-
ties growing as part of biofilms and mat structures [6, 
9, 10]. In particular, the surface reactivity exhibited by 
the cell wall or microbial extracellular polymeric sub-
stances (EPS) appears integral to the sorption of dis-
solved solutes, and the secondary biomineralization 
processes (Figs. 2-3).  In these cases, a cation-rich 
silica gel phase is initially produced by concentration 
of cations and silicate ions to the anionic cellular sur-
faces.  This material subsequently dehydrates to form 
crystalline minerals, of which the final composition is 
dependant upon the proximal aqueous conditions [5, 
9].  Once formed, the mineral precipitates grow inor-
ganically away from the cell surface, and at times, en-
tire communities of cells can become encrusted. How-
ever, in all cases bacterial cells themselves are rarely 
preserved in clay-rich biomineralization products. 
 

 
Figure 2: Transmission electron microscope image of bacte-
ria (b) from weathered tephra, Hawaii. Clay minerals are 
concentrated both directly on the cell wall, but also within 
extracellular polymeric substances surrounding the cells. The 
mineral (m) is a fine-grained (<500 nm), amorphous, (Al, 
Fe)-silicate phase. 
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Figure 3: Transmission electron microscope images of par-
tially mineralized microbial mat from basaltic caves, Kauai, 
Hawaii: (left) Mg and Si are concentrated in the EPS be-
tween the cells; (right) poorly-ordered crystals of kerolite 
(Mg-clay) can be seen nucleating within within EPS. 
 
Biomarkers in Clays:  Microstructures, such as glob-
ules, filaments and microtubules have been cited as 
evidence of microbial involvement in clay mineral 
formation [11].  Microstromatolitic textures (Fig. 4) 
consisting of alternating layers of the Mg-clay kerolite 
and Ca-carbonates reflect formation within microbial 
mats [9].  The shape and spatial distribution of Mg-
silicate precipitates has even been suggested to indi-
cate the past presence of microbial communities [12].  
High concentrations of organic matter in clay-rich de-
posits has also been linked to microbial involvement in 
clay mineral formation [11].  However, it is not clear 
how such a biomarker would be relevant to the near 
surface of Mars where organic materials cannot persist 
in the highly oxidizing environment.  In finely lami-
nated Upper Jurassic phosphate stromatolites, various 
textural and structural relations and the presence of 
amorphous Fe-Si-Al phases within clay-rich lamina-
tions were used to infer bacterial precipitation of 
amorphous precursors [13]. In all of these examples, 
electron microscopic imaging and detailed chemical 
analyses were used to elucidate the role of microorgan-
isms in clay mineral formation.  This suggests that any 
such discoveries on Mars will require carefully 
screened samples to be returned to Earth.  Alternately, 
detailed in situ investigations by advanced robotic sys-
tems or humans will be required.  Recent progress in 
electron-based imaging and spectroscopic instruments 
[14, 15] for space flight may prove to be valuable to 
future missions to Mars. 
 
Future Work:  In contrast to carbonate and silica 
mineralizing systems, very little work has been done 
on microbial biomarker formation and preservation in 
clay-rich systems.  If indeed clay-rich environments on 
Mars are targeted in future missions with the hopes of 
searching for traces of past life, it is essential to under-
stand in greater detail the linkages between microbiol-
ogy and clay mineral formation.  In particular, it is 
imperative that the preservation of microbial bio-
markers in clay minerals is studied in more detailed 

using analog environments on Earth, culture-based 
experiments and molecular tools (both mineralogical 
and microbiological) to probe the microbial-mineral 
interface.  
 

Figure 4: Backscattered electron image showing microstro-
matolitic texture of mineralized microbial mat from a basal-
tic cave, Kauai, Hawaii.  The lighter colored mineral is Ca-
carbonate and the darker colored mineral is kerolite.  Desic-
cation cracks in the kerolite suggest it formed from dehydra-
tion of a gel-like precursor phase formed within microbial 
mats.     
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