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Introduction:  The Meridiani Planum hematite de-

posit has been designated as the prime landing site for 
Opportunity, one of the two Mars Exploration Rover 
(MER) spacecraft.  Iron oxide and hydroxide minerals, 
including hematite, can mineralize and preserve micro-
fossils and physical biomarkers.  Previous research by 
ourselves and others, summarized below, has demon-
strated such mineralization in a variety of terrestrial 
hematite deposits.  Our most recent study has focused 
on the mineralization of microorganisms in rock var-
nish, the iron- and manganese-rich layers that coat 
rocks in many arid environments. 

 
Meridiani Planum:  Christensen et al. [1], using 

data from MGS TES, have identified hematite in a 350 
x 750 km region near Meridiani Planum.  They inter-
preted this deposit to be “an in-place, rock-
stratigraphic sedimentary unit characterized by 
smooth, friable layers composed primarily of basaltic 
sediments with approximately 10-15% crystalline gray 
hematite.” [2]. 

The TES team [1] discussed five possible mecha-
nisms for forming the hematite deposit:  direct precipi-
tation from standing, oxygenated, Fe-rich water (ex-
ample – banded iron formations);  precipitation from 
iron-rich hydrothermal fluids (example – hot spring 
deposits); low-temperature dissolution and precipita-
tion through mobile groundwater leaching (example - 
ferricrete soils);  surface weathering and coatings (ex-
ample – rock varnish);  thermal oxidation of magnet-
ite-rich lavas.  The first four of these mechanisms in-
volve interactions of rock with water, and thus have 
implications in the search for evidence of life. 
 

Hematite Deposits and Microbial Life:   
Banded Iron Formations.  Microfossils are miner-

alized by iron oxides in samples from the 1.8 Ga Gun-
flint Iron Formation [3,4].  Filaments and coccoids 
were documented by analytical SEM in HF-etched 
samples.  These structures were interpreted as micro-
fossils, mineralized and preserved by iron oxides, and 
containing differing amounts of residual carbon.  TEM 
electron diffraction analysis demonstrated that at least 
some filamentous microfossils in the Gunflint Forma-
tion were mineralized by hematite [5]. 

Hot Spring Deposits.  Microorganism can be pre-
served in a variety of hot spring deposits dominated by 
iron minerals [6].  Bacterial remains are preserved in 
iron- and manganese oxide deposits within hot spring 
travertines in Morocco [7].  These microfossils were 
found in cm-scale black "shrubs".  Filamentous and 
coccoidal bacteria were observed densely packed 
within the shrubs, but no microfossils were found in 
the enclosing aragonite and calcite laminae. 

 
Ferricrete Soils.  Ferricretes are formed on Earth 

when acidic groundwaters extensively leach soil and 
rock.  Rod-shaped structures, apparently bacteria min-
eralized by ferrihydrite and goethite, are documented 
in both modern and ancient (8840 years b.p.) ferricrete 
samples from a mining district in Montana [8].  

Westall and Kirkland [9] studied a ferricrete sam-
ple collected from an extremely dry soil surface adja-
cent to Shark Bay, Western Australia.  Filamentous 
microfossils, bacterial or possibly fungal, were pre-
served embedded in biofilms.  Iron oxide precipitates 
engulfed the networks of filaments.  Mineralization 
apparently occurred over a long enough period to pro-
duce several generations of microfossils. 

 
Rock Varnish. Bacteria and microcolonial fungi 

have been found in varnish deposits coating granitic 
rocks from Sonoran Desert sites in Arizona, as well as 
the Pilbara region of  Western Australia [10].  In each 
case the varnish consists of a complex mixture of clay 
minerals with iron- and manganese oxides. 

 
Sonoran Desert  Groups of rod-shaped cavities, 

each 1-2 µm in length, are observed in various states 
of degradation and mineralization within the varnish 
layers (Fig. 1).  These objects, similar in scale and 
morphology to carbon-rich cells found in the same 
samples, are interpreted as cell molds.  EDS elemental 
analyses of these molds demonstrate that they contain 
mainly iron- and manganese-rich minerals.  Most of 
the organic material, composed chiefly of carbon, oxy-
gen, and sulfur, has been lost. 
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Figure 1.  Mineralized cell molds; 1 µm scale bar 

 
Partial mineralization of the fungal population is 

apparent on the surfaces and within these samples.  
Fig. 2 shows a portion of the hymenium (the cells 
originally containing the spore-bearing cells) of one 
fungal body.  The hymenium is partially coated with 
interlocking platy minerals, characteristically 3-5 µm 
in width. 

 
 
 
 

 
 
 
 
 
 
 

 
Figure 2.  Mineralized fungal body; 10 µm scale bar 

 
Pilbara  These samples contain small numbers of 

partially-mineralized fungi, similar to those docu-
mented in the Sonoran Desert material.  Fig. 3 shows a 
portion of the hymenium from one fungal body.  Ele-
ment mapping demonstrates that the hymenium is par-
tially coated by platy iron-rich minerals 2-3 µm across, 
as well as finer-scale manganese-rich minerals. 

What Might Opportunity See ?  Terrestrial hema-
tite deposits differ from one another in mineralogy, 
texture, and spectra.  Such differences should be dis-
tinguishable with the MER instrument suite.  The Pan-
cam and Microscopic Imager can detect layering on 
the scale of cm to mm.  The Mini-TES can distinguish 
among iron oxides and can specifically identify hema-
tite.  The APXS and Mössbauer Spectrometers, when 
combined, can identify and quantify the iron-bearing 
phases in rock or soil.  Such observations may lead to 
a consensus on the origin of the hematite deposit. 

If the Meridiani Planum hematite deposit carries a 
record of martian life, suggestive evidence may also be 
revealed by the MER instruments.  The distinct col-
ored stripes characteristic of many banded iron forma-
tions would be obvious in Pancam images.  The fossil 
record contains abundant examples of macroscopic 
biofilms that are observable at the resolution of the 
Microscopic Imager.  Many hot springs precipitate 
minerals that fossilize and preserve colored microbial 
mats, as well as masses of organisms many cm across.  
Mineralized microbes sometime contain traces of car-
bon in abundances that could be detected by the 
APXS. 
 

What Might Opportunity Miss ?  The MER in-
struments are not designed to provide unambiguous 
evidence of life, particularly at the microscopic scales 
characteristically observed in terrestrial iron oxide and 
hydroxide deposits.  The mineralized microfossils de-
scribed above have typical dimensions of micrometers 
to tens of micrometers.  Such features are significantly 
smaller than the resolution of any MER instrument.  
Most fossil microorganisms in terrestrial rocks are 
only detectable by optical and electron microscopy.  
The association of carbon with putative microfossils 
can only be confirmed using microbeam techniques. 

Thus, while suggestive evidence of martian micro-
bial life may be detected in situ, confirmation by direct 
fossil evidence will probably require the return of sam-
ples to terrestrial laboratories.  A key function of the 
next generation of Mars landers will be to discover and 
certify prime sites for future sample return missions. 
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Figure 3.  Mineralized fungal body; 5 µm scale bar
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