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Introduction: Ophiolite sequences that are located 

in northern and central California provide easily acces-
sible areas that serve as good analogs for martian 
crustal rocks.  The rock types found in a typical ophio-
lite sequence compare well with those found in the 
Mars meteorites, and those expected from spectropho-
tometric analysis.  We have begun investigating and 
characterizing these sites in order to understand better 
the processes that may be responsible for the ground-
water chemistry, mineralogy and biology of similar en-
vironments on Mars. 

One of the processes known to occur during water-
rock reactions in mafic to ultramafic rocks at relatively 
low temperatures is serpentinization [1].  The general 
reaction for serpentinization of olivine is given by: 

 
olivine + H2O = serpentine + brucite +  

magnetite + H2. 
 

The serpentinization process results in an increase in 
volume, which results in increased cracking and in-
creased fluid flow in the rocks.  This exposes fresh frac-
ture surfaces to further water-rock reaction, thus sus-
taining the process.  In addition, serpentinization is a 
heat-generating process, which combined with fluid 
flow, leads to development of self-sustained hydro-
thermal cells.   

The geophysical and  geochemical processes in 
these terranes provide niches for unique commu nities 
of extremophiles and are the best terrestrial analogs for 
similar geochemical habitats on Mars. 

Ophiolites in northern California:  Ophiolites are 
sections of lower oceanic crust and upper mantle that 
have been thrust onto continental craton.  The rock 
types range in composition from mafic (basalts) in the 
upper section to ultramafic (peridotites) near the base.  
The ophiolites found in northern California include the 
Trinity, Josephine, Coast Range and Point Sal, all of 
which are approximately 160 million years old [2].  Flu-
ids from serpentinizing springs are generally alkaline 
with high pH and H2 contents [3-7], indicating that the 
mafic rock compositions control the fluid composition 
through water-rock reactions during relatively low-
grade hydrothermal processes.  There are significant 
amounts of primary mineralogy remaining in the rocks, 
meaning that substantial alteration processes are still 
occurring in these terranes. 

Mineralogy & petrology: We have analyzed the 
mineralogical composition of several rock samples col-

lected from the Coast Range Ophiolite near Clear Lake, 
CA.  The remnant primary mineralogy is fairly uniform 
in composition, with an olivine composition of Fo90, 
and with pyroxene compositions of En90 for orthopy-
roxene and En49Wo48Fs03 for the clinopyroxenes.  Other 
primary phases include chromites and other spinels.   

Examination of petrographic thin sections reveals 
that serpentinization reactions have occurred and are 
still occurring in these locations (Figure 1).  The ser-
pentine resulting from aqueous alteration of olivine and 
pyroxene resides in veins that are seen cross cutting 
the primary mineral grains.  There are several genera-
tions of alteration products, comprised mostly of ser-
pentines that are correspondingly magnesium rich, with 
magnetite, brucite and carbonates observed as acces-
sory minerals.  The formation of carbonates indicates 
the presence of CO2 in the altering fluid. 

Ophiolites as analogs for Mars:  Taken as a whole, 
the sequence of rocks found in ophiolites is likely to 
represent a good analog for the rock types that will be 
encountered during missions to Mars.  The Mars mete-
orites range from mafic to ultramafic (basalt- lherzolite-
dunite) in composition, and this range closely parallels 
the sequence of pillow basalt-gabbro-peridotite found 
in complete ophiolite sections. 

Because the potential mineralogy of Mars is similar 
to that in ophiolite sequences, the groundwater of 
Mars is likely to be basic (alkaline).  The resulting wa-
ter-rock reactions would be similar to those found in 
terrestrial ophiolite terranes; serpentinization reactions 
would produce similar assemblages of alteration miner-
als and self-sustaining hydrothermal cells could be 
established.  The resulting hydration reactions may 
also serve as a sink for significant amounts of water.  
The outflows seen on the martian surface may contain 
alteration assemblages similar to those seen in modern 
terrestrial ophiolite spring systems and are likely to 
include not only hydrated minerals, but also evaporites 
resulting from the exposure of alkaline fluids to the dry  
martian atmosphere.   

Ophiolites as biological habitats:  Since photosyn-
thesis does not appear to be present on the surface of 
Mars, any life on Mars will have to take advantage of 
the chemical energy available during water-rock reac-
tions in the martian crust.  One of the most primitive 
metabolic reactions among extremophiles is methano-
genesis, in which carbon dioxide is reduced to methane.  
The general reaction is given by: 

CO2 + H2 = CH4 + H2O. 
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Organisms living in ophiolite terranes could use the 

hydrogen that results from serpentinization reactions, 
along with ambient carbon dioxide to generate methane, 
thus using chemical energy as metabolic energy.  In 
addition to methanogenesis, other chemotrophic me-
tabolisms are possible in serpentinizing systems.  For 
example, some organisms are known to use H2 directly 
as an energy source and are likely candidates to inhabit 
these areas.   

We collected samples from Complexion Spring (Fig-
ure 2) in the Coast Range Ophiolite in order to deter-
mine whether the geochemical processes in these envi-
ronments are providing a niche for chemotrophic mi-
croorganisms, thus serving as geochemical habitats.  
DNA was extracted from sediment samples and the 16s 
rRNA gene was PCR amplified using Archaeal primers.  
Denaturing gradient gel electrophoresis (DGGE) was 
used to determine the community of Archaea thriving 
in these samples.  Our results indicate that there were 8 
different genera of Archaea in a single sample.  We 
were able to sequence one of the eight.  The sequence 
that was obtained was of an organism that is similar to 
Halorubrum tibetense, an alkalophilic Archaeon.  This 
result suggests that these environments are likely 
hosts for communities of organisms that are adapted 
for the unique chemical environment provided by the 
alkaline spring.   

Summary:  The geology, geochemistry, water 
chemistry, and biology of ophiolite terranes provide a 
good model for crustal processes that may be occurring 
on Mars.  The juxtaposition of liquid water and unsta-
ble minerals in these environments provides chemical 
energy sources that could be used by unique communi-
ties of microorganisms.  Understanding how these 
communities function on Earth could prove invaluable 
in searching for habitable zones during future missions 
to Mars.   
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Figure 1.  Olivine grain from Coast Range Ophiolite 
showing, with serpentinization alteration in veins.  Field 
of view is approximately 2 mm across. 

 
 
 
 
Figure 2. Sampling Complexion Spring in the Coast 
Range Ophiolite near Clear Lake, CA. 
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